


DEPARTMENT OF THE INTERIOR

JoHN BARTON PAYNE, Secretary

UNITED STATES GEOLOGICAL SURVEY
.GEORGE OTIS SMITH, Director

- Water Resources Branc
Waterwer 4910eo!ogical Survey,

: Box 3106, Capitol Stat
WATER SUPPL Yklaboma Cisy, Okla.

OF

ST. MARY AND MILK RIVERS
1898-1917 |

BY

B. E. JONES axp R. J. BURLEY

Prepared under the direction of the United States Geological Survey,
United States Reclamation Service, and Reclamation
Service of Canada

Reprinted by permission of the International Joint C.

WASHINGTON
GOVERNMENT PRINTING OFFICE
1920



INTERNATIONAL JOINT COMMISSION

UNITED STATES CANADA
Obadiah Gardner, Chairman Charles A. Magrath, Chairman
James A. Tawney Henry A. Powell, K. C.

R. B. Glenn P. B. Mignault, K. C.

‘Whitehead Klutz, Secretary Lawrence J. Burpee, Secretary



CONTENTS.

Page.

Letter of transmittal. ... oocooo e i ieieeeas 7
Authorization of Work..ceeoeieeanaannaa ot e teeeiciter e 9
Seope 0f TePOrt. .. ciii i iiiiae i iiieiiieeieiiaeaaaeaaa 9
Definition of erms. . vo it eaa e 10
Explanaticn of data...oo.ooooniiii e 11
Accuraey of stream-flow data, by N. C. Groverand J. C. Hoyt. . ............. 12
Degree of accuracy required. ... ... ... .Liiiiiiiiel... 12
Conditions affecting accuracy of records of daily discharge................ 13
Accuracy of monthly or yearly means. ........ ...l 18

St. Mary River basin.. ... ..ottt cee e 18
General features. ... .. cieiiiiiiiiiiie e fereeeenenieaann 18
Gaging station records...v.eereeereeaeneiaiieainieis ciiiiiaiie i aea 21
Stations on Main BErEAI . . o ot o viotinrieitn it ci e 21

St. Mary River near Babb, Mont....ooooeeooenioe e, IO 21

St. Mary River below Swiftcurrent Creek, at Babb, Mont........ 35

St. Mary Riverat Cook’sranch, Alta., near international boundary. 43
St. Mary River near Kimbal}, Alta., near international boundary. 53

St. Mary River near Lethbridge, Alta_ ... ... ... ... ........ 64
Stations on tributaries.. ... ...l L. iiiiieiaia. 72
Swiftcurrent Creek at Many Glacier, Mont. ... _................ 72
Swiftcurrent Creek below Sherburne Lake dam, Mont. .......... 77
Swiftcurrent Creek near Babb, Mont....................... ... 82
Kennedy Creek near Babb, Mont_.......... ... oot 90
Boundary Creek at Fidler’sranch, Alta_. ... ... . ... ... . .. 91
Rolph.Creek near Taylorville, Alta.. ... ... ... ... ... ... 95
Rolph Creek near Kimball, Alta. ... ... .................. 96
Lee Creek at Layton’sranch, Alta............o. ... iii... 102
Lee Creek at Cardston, Alta. . ... ... ... ... ... ... ... 107
Pinepound Creek near Spring Coulee, Alta..... € 112
Pothole Creek near Magrath (upper station), Alta._.............. 116
Pothole Creek, near Magrath (lower station), Alta. ............. 120
Stationson canals. ... .. iiiiiiiiiiiiiiiiiiaian o123
U. 8. Reclamation Service St. Mary canal at Hudson Bay divide,
near Browning, Mont. ... ... . ... L.l 123
Fidler Brothers’ ditch at Boundary Creek, Alta. ................ 124

Alberta Railway & Irrigation Co.’s canal at Kimball, Alta........ 125
Alberta Railway & Irrigation Co.’s canal near Kimball, Alta...... 129
Alberta Railway & Irrigation Co.’s canal at Spring Coulee, Alta... 134

Miscellaneous measurements. . .o.veve e eeecanenceee e aaaoaaaaaaaann 138

Milk River Dasin. ..o .ottt ottt e e ecea e e 140

General features. ... .o it 140

Gaging-station records. ... .uovee e teneeineoiaea e et ce e a e 143

Stations on main stream. . ... .....ooe oot 143
South Fork of Milk River near international boundary.......... 143 -

South Fork of Milk River at Mackie’s ranch, Alta................ 155

Milk River at Milk River, Alta....oo..ocooiiiiiiaaiii L. 160

Milk River at Writing-on-Stone Police Detachment, Alta__...... 169

Milk River at Pendant d’Oreille Police Detachment, Alta....... 176

Milk River at eastern crossing of international boundary, Mont... 183

3



4 CONTENTS.

Milk River basin—Continued.
Gaging-station records—Continued.

Stations on main stream—Continued. Page.
Milk River at Havre, Mont...covee e iiienennecaccesannane- 193
Milk River at Chinook, Mont....eeeeeseerecenncoeecciaeenceeean.. 211
Milk River at Malta, Mont...oveeeaee oo eeeeea e e ccaeaeaan 212
Milk River at Hinsdale, Mont.... ... .o it ns 226
Milk River near Vandalia, Mont- ... ooioii i aiaaiiaaaan. 231

Stations on tributaries. . o oo viiiea i e cieeiecaeeaaae 235
North Fork of Milk River near Browning, Mont.................. 235
North Fork of Milk River near international boundary............ 237

"North Fork of Milk River at Knight’s ranch, Alta................ 246
North Fork of Milk River near Mackie’s ranch, Alta............. 249
Deer Creek at Dickinson’s ranch, Alta...........coiieeeennanann 252
Deer Creek at Deer Creek Cattle Co.’s ranch, Alta..........c..... 254
Lodge Creek at Hartt’s ranch, Alta......oooieeiiiiiaiionaaanna . 256
Lodge Creek at Hester’s ranch, Alta.. ... 259
Lodge Creek at international boundary............. tveeemeneaans 261
Lodge Creek near Chinook, Mont.....o...cooviiiioiinianaan.. 268
Thelma Creek at English’s ranch near Thelma, Alta............. 270
Middle Creek at MacKinnon’s ranch, Alta. .........covioana.n 274
Middle Creek at Ross’s ranch, Sask...cceeeieeeeeeeonneaeniannnn 279
Middle Creek at Hammond’s ranch, Sask........................ 286
Battle Creek at Tenmile Police Detachment, Sask................ 292
Battle Creek at Wilkes’s ranch, Sask........oooeeiiiiiaiaaaaannn 300
Battle Creek at Stirling’s ranch, Sask............... ... ... 307
Battle Creek at Nash’sranch, Sask. ... ... ... ... ... 308
Battle Creek at international boundary, Sask . .................. 316
Battle Creek near Chinook, Mont.................. P 317
Sixmile Creek at Soderstrom’s ranch, Sask......cooooooiiiiiao. 329
Sixmile Creek at Spangler’s ranch, Sask......................... 331.
Tenmile Creek near Tenmile Police Detachment, Sask........... 337
Frenchman River near Belanger, Sask.........o.......cooineo... 342
Frenchman River at Gordon’sranch, Sask...................... 344
Frenchman River at Phillip’s ranch, Sask. ... oieeenaeeanan.. 345
Frenchman River at Eastend, Sask.... ... .. ... .. l... .. 351
Frenchman River at ““76” ranch, Sask....... ... .ooeaio.n 358
Frenchman River at Huff’s ranch, Sask......... e 362
Frenchman River at Buzzard’sranch, Sask..................... 363
Frenchman River at Martin’s ranch, Sask. ... ... .............. 366
Frenchman River at international boundary ..................... 368
Oxarart Creek at Wylie’sranch, Sask. ... ... ..o.ooioiaa.. 370
Sucker Creek at Gilchrist’s ranch, Sask....oc.coooiiii ... 378
Belanger Creek at Garrison’s ranch, Sask.......ooccooieiiiiiln. 385
Belanger Creek at Oakes’s ranch, Sask........oooviiiiaernnnn.. 388
Lonepine Creek at Hewitt’s ranch, Sask.................oooiit. 393
Davis Creek at Drury’s ranch, Sask.........cooooooiiiiiiiiiias 399
Fairwell Creek at Drury’s ranch, Sask.......... ... 405
Blacktail Creek at Garissere’s ranch, Sask._._.. ... .......vaee 412
North Branch of Frenchman River at Cross’s ranch, Sask........ . 414
Rose Creek at Dorrell, Sask.......oooiiiiiiiiiiiiiiniaaana.. 422
Mule Creek at Gunn’s ranch, Sask......eeeieveeiiaieniiiana.. 426
Bate Creek at Bate’s ranch, Sagk.......oooiiiiiiiiiiiiaan.. 429
Denniel Creek near Val Marie, Sask...... .. ...o.....oeiiaa. 432

Bigbreed Creek near Buzzard’s ranch, Sask......ccooiveanaa... 436



CONTENTS.

Milk River basin—Continued.
Gaging-station recods—Continued.

Stations on tributaries—Continued
Littlebreed Creek, near Buzzard’s ranch, Sagk......... ceeraennn
Beaver Creek near Malta, Mont. .........ooiiiiiiiiinnnaaaann.
Beaver Creek near Saco, Mont.... ... iiiiiiiiiiiiniiana..
Beaver Creek overflow near Bowdoin, Mont.....................
Rock Creek near Barnard, Mont..............c..iiiiiiiiiat,
Rock Creek near Hinsdale, Mont. .. .. ... ooiiiiiaiiiiiia,
Horse Creek near Barnard, Mont........... ...ooiiiiiiiaiiits
McEachran Creek at McCoy’s ranch, Sask.......................
East Branch of McEachran Creek at McCoy’s ranch, Sask........
Porcupine Creek at Nashua, Mont............ooiiiiiimiaiai.o.
Stations on canals.. ... ..ouiiiii it ie et
Fort Belknap canal near Chinook, Mont. ... ... ... ao...
Winter-Anderson canal near Chinook, Mont. .. ....ccovuevena..
Paradise Valley canal near Chinook, Mont.....ccceviviiiiiaaia..
Harlem canal near Zurich, Mont......... ... coiiiiiiiianL.
Agency ditch near Harlem, Mont. ............ooiiiiiniaae...
Deer Creek Cattle Co’s west ditch, near St. Kilda, Alta..........
Deer Creek Captle Co.’s east ditch near St. Kilda, Alta...........
Fornfeist ditch, near St. Kilda, Alta..... ... .. ... ... ... ...
H. T. Clark north ditch, near Eagle Butte, Alta................
H. T. Clark south ditch, near Eagle Butte, Alla. ... ...........
English ditch near Thelma, Alta.. ... ...... ... .. ... ... ..

Reser ditch near Chinook, Mont......... ... il .

West Fork ditch near Chinook, Mont.......o...oo.ooiiiioL.
Lindner ditch near Battle Creek, Sask .. ......... ... ... . ..
Marshall & Gaff ditch near Tenmile Police Detachment, Sask...
J. A. Gaff ditch near Battle Creek, Sask.........................
Henry ditch near Battle Creek, Sask.......... ... ... ...
Wilson ditch near Battle Creek, Sask . . . ... .. ... .. ... ...,
Gilchrist ditch near Consul, Sask...... .. ... . ... ...
Richardson ditch near Consul, Sask. ........ ... ...........
Jas. McKinnon ditch near Consul, Sask... ... ... ... ...
Stirling & Nash ditch near Consul, Sask. ... . ... ... ... .. .. ..
Cook canal near Chinook, Mont. .. ..... ... oo oL,
Matheson canal near Chinook, Mont. ... ... ... ...,
Wood & Anderson south ditch from White Mud Coulee, Sask.....
Wood & Anderson ditch near Coulee, Sask. ... .................
Spangler ditch near Battle Creek, Sask.................... .. ...
Henry ditch from Haliway Coulee, Sask.... .. ... ... . ...
Strong’s ditch at Eastend, Sask. ... . ... .. ... ..
Morrison’s ditch near Eastend, Sask. . ... . ... .. ... ... ...
Maple Creek Cattle Co.’s ditch near Oxarat, Sask............._.
F. Cross’s ditch near Dorrell, Sask...... .. ... .. ... ... ...
Barroby ditch near Ravenscrag, Sask................... ...
A. M. Cross’s ditch near Eastend, Sask..........................
Bolingbroke ditch near Eastend, Sask._................ ...,
Bowrey ditch near Barnard, Mont...... ... .. ... ... . .ll..
Rock Creek canal near Hinsdale, Mont.........................

Tloods in Milk River basin. ...ocoinn ot iieaeeeacaaaennn

[



Prarte I.
. A, St. Mary River near Babb, Mont., looking upstream; B, Gaging

III.

Iv.

VI

VII.

VIII.

IX.

X.

XI.

XII.
XTII-XIV.
XV.

XVI-XVII.
XVIII.
XIX.

XX.

XXI.

XXIL.

XXIII.

ILLUSTRATIONS.

Page.
Map of St. Mary and Milk River basins . ...... ... ... ... In pocket.

station on St. Mary River nearKimball, Alta., at interpational

BOUNArY o e 21
Hydrograph of St. Mary River at Cook’s ranch, near international

boundary, 1903-1912. ... iiime i In pocket.
Hydrograph of St. Mary River near Kimball, Alta., at interna-

tional boundary, 19081917 ... ... ..o o ........ Tn pocket.

. Hydrograph of St. Mary River near Lethbridge, Alta., 1911-

1 In pocket,
A, Gaging station on Swiftcurrent Creek at outlet of MeDermott
Lake, Many Glacier, Mont.; B, Gaging station below Sherburne

dam on Swiftcurrent Creek, Mont....... . ... ... ... ... 72
United States Reclamation Service St. Mary eanal: 4, Siphon
crossing St. Mary River; B, Drop No. 2......... ... ... ... 123

Alberta Railway & Irrigation Ce.’s eanal: A, Intake and dam,

Kimball, Alta.; B, Flume No. 2, main canal below Magrath, Alta. 125
Alberta Railway & Irrigation Co.’s canal: 4, Head gates on Spring

Coulee; B, Waste gates. ... ...oovunmmn i 134
4, Gaging station of Canadian Reclamation Service on Mikk River,

at Milk River, Alta.; B, International gaging station on Milk

River at eastern crossing . . ..... ... ... ....ii.i.ii.aa. 160
Hydrograph of Milk River at Milk River, Alta., 1909-1917 ... In pocket.
Hydrograph of Milk River at eastern crossing of international

boundary, 1809-1917. . . ... In pocket.
Hydrograph of Milk River at Havre, Mont., 1903-1917. . ... In pocket.
Dodson dam on Milk River near Dodson, Mont., between Havre

and Malta: A, Before installation of movable crest gates; B,

Movable crest gates and service bridge in place. . ... ... . ... 212
Hydrograph of Milk River at Malta, Mont., 1903-1917.... .. In pocket.
Hydrograph of Milk River at Hinsdale, Mont., 1908-1914.. In pocket. _
Vandalia dam of the United States Reclamation Service, Vandalia, '

Mont.: 4, Pool abave dam; B, Crestgates—two closed, oneopen. 231
Hydrograph of Milk River near Vandalia, Mont., 1915-1917.. In pocket.
A, International gaging statien on Nerth Fork of Milk River

near international boundary; B, North Chinook Irrigation Co.’s

dam on Lodge Creek near Chinook, Mont...............coo... 237
Hydrograph of Lodge Creek near international boundary, 1910-

R I In pocket.
Hydrograph of Battle Creek at Nash’s ranch, Sask.,. 1910-

1007 e In pocket.

XXIV. A, Enright & Strong’s dam on Frenchman River near Eastend,

XXV.

XXVI.

6

Sask.; B, Fort Belknap Indian dam for Agency dibch, on

Milk Rwer near Harlem, Ment.. e . - 51 1
Hydrograph of Frenchman River at Eastend Sask 1909—

£ In pocket.
Hydrograph of Frenchman River at Martin’s ranch, Sask., 1914-

R In pocket.



LETTER OF TRANSMITTAL.

DePARTMENT OF THE INTERIOR, CANADA,
RecLaMaTION SERVICE,

Ottawa, May 19, 19189.
INTERNATIONAL JoINT COMMISSION,

Washington, D. C., and Ottawa, Canada.

GENTLEMEN: In accordance with the authorization of the Inter-
national Joint Commission contained in its Order No. 157, made at
New York City February 4, 1918, there are transmitted herewith
records of flow of streams and canals in the St. Mary and Milk River
basins, collected by the United States Geological Survey in cooper-
ation with the United States Reclamation Service and by the
Reclamation Service of Canada.

Respectfully submitted.
Jonx C. Hovr,

Chief, division of surface waters,
United States Geological Survey.
. E. F. Draxg,
Director, Reclamation Service of Canada.
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WATER SUPPLY OF ST. MARY AND MILK RIVERS,
1898-1917.

By B. E. JoxEs and R. J. BUrLEY.

AUTHORIZATION OF WORK.

On January 12, 1918, the Secretary of the Interior suggested to the
International Joint Commission that the commission should arrange
for the compilation and publication of all stream-flow data collected
at both the international and national stations in the Milk and St.
Mary River basins, the data to be agreed upon by the United States
Geological Survey, represented by John C. Hoyt, hydraulic engineer,
and the Irrigation Branch [now the Reclamation Service] of the
Department of the Interior, Canada, represented by BE. F. Drake,
superintendent of irrigation, and to be published in the regular
reports of the commission.

The commission’s favorable action on this suggestion was com-
municated to the Secretary of the Interior under date of February
18, 1918, by Mr. Whitehead Kluttz, the secretary of the commission,
who stated that a similar suggestion had been made by the Canadian
superintendent of irrigation.

Under the authority thus conferred on Messrs. Hoyt and Drake,
Mr. B. E. Jones, hydraulic engineer of the United States Geological
Survey, was directed to compile the records collected in the United
States, and Mr. R. J. Burley, chief engineer, drainage-division, of
the Canadian Reclamation Service, was directed to compile the

Canadian records. -
SCOPE OF REPORT.

Hydrometric work in the area drained by St. Mary and Milk rivers
was begun in 1897, when the United States Geological Survey
established a station on Milk River at Chinook, Mont. In 1898 this
station was moved to Havre, Mont., about 20 miles upstream. In
Canada records were first collected at a station established by the
Alberta Railway & Irrigation Co. in 1905 on St. Mary River at
Kimball, Alta. Additional stations have been established from
time to time in both countries, and at the end of December, 1917,
records had been obtained at 79 gaging stations on the main streams

and their tributaries and at 41 stations on canals.
9



10 WATER SUPPLY OF ST. MARY AND MILK RIVERS, 18981917,

Most of the records here assembled appear as originally published
in the reports of the Reclamation Service of Canada * and the United
States Geological Survey, but some have been revised to free them
from errors indicated by later data. The most notable need for
such revisions was in the older estimates of winter flow, many of
which, for stations on Milk River, were based on inadequate data
and have therefore been omitted from the compilation. Tables of
daily discharge not heretofore published have been taken from the
original records.

DEFINITION OF TERMS.

The volume of water flowing in a stream—the ‘““run-off”” or “dis-
charge’’—is expressed in various terms, each of which has become
associated with a certain class of work. These terms may be divided
into two groups—(1) those that represent the rate of flow, as second-
feet, gallons per minute, miner’s inches, and diseharge in second-feet
per square mile, and (2) those that represent the actual quantity of
water, as run-off in depth of inches, acre-feet, and millions of cubie
feet. The principal terms used in this report are second-feet, second-
feet per square mile, run-off in inches, and acre-feet. They may be
defined as follows: -

“Second-feat” is an abbreviation for ‘“cubic feet per second.” A
second-foot is the rate of discharge of water flowing in a channel of
rectangular cross section 1 foot wide and 1 foot deep at an average
veloeity of 1 foot per second. It is generally used as a fundamental
unit from which others are computed by the use of the factors given
in the tables of convenient equivalents.

““Second-feet per square mile” is the average number of cubic feet
of water flowing per second from each square mile of area drained,
on the assumption that the run-off is dlstnbuted uniformly both as
regards time and area.

“Run-off (depth in inches)” is the depth to which an area would
be covered if all the water flowing from it in a given period were
uniformly distributed on the surface. It is used for comparing
run-off with rainfall, which is usually expressed in depth in inches.

An ““aere-foot,” equivalent to 43,560 cubic feet, is the quantity
required to cover an acre to the depth of 1 foot. The term is com-
monly used in connection with storage for irrigation.

The following terms not in common use are here defined:

‘““Stage-discharge relation,” an abbreviation for the term “relation
of gage height to discharge.” ‘

“Control,” “controlling section,” and ‘“point of control,” terms
used to designate the section or sections of the stream below the gage

. which determine the stage-discharge relation at the gage. It should

1 Formerly Irrigation Branch, Department of the Interior, Canada.
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be noted that the control may not be the same section or sectlons at
all stages.

The ““point of zero flow’’ for a given gaging station is that point
on the gage—the gage height—to which the surface of the river
would fall if there were no flow. .

EXPLANATION OF DATA.

The base data collected at gaging stations consist of records of
stage, measurements of discharge, and general information used to
supplement the gage heights and discharge measurements in deter-
mining the daily flow. The records of stage are obtained either from
direct readings on a staff gage or from a water-stage recorder that
gives a continuous record of the fluctuations. Measurements of dis-
charge are made with a current meter by the general methods out-
hined in standard textbooks on the measurement of river discharge.

From the discharge measurements rating tables are prepared that
give the discharge for any stage, and these rating tables, when ap-
plied to the gage heights, give the discharge from which the daily,
monthly, and yearly mean discharge is determined.

The data presented for each gaging station in the area covered by
this report comprise a description of the station, a table giving results
of discharge measurements, a table showing the daily discharge of
the stream, and a table of monthly and yearly discharge and run-off.

If the base data are insufficient to determine the daily discharge,
tables giving daily gage heights and results of discharge measure-
ments are published.

The description of the station gives, in addition to statements re-
garding location and equipment, information in regard to any con-
~ ditions that may affect the eonstancy of the stage-discharge relation,
covering such subjects as the occurrence of ice, the use of the #tream
for log driving, shifting of channel, and the cause and effect of back-
water; it gives also information as to diversions that decrease the flow
at the gage, artificial regulation, maximum and minimum recorded
stages, and the accuracy of the records.

The table of daily discharge in general gives the discharge in
second-feet corresponding to the mean of the gage heights read each
day. At stations on streams subject to sudden or rapid diurnal fluc-
tuation the discharge obtained from the rating table and the mean’
daily gage height may not be the true mean discharge for the day.
If such stations are equipped with water-stage recorders the mean
daily discharge may be obtained by weighting discharge for pa.rts of
the day.

In the table of monthly discharge the column headed “Maxmmm
gives the mean flow for the day when the mean gage height was
highest. As the gage height is the mean for the day it does not
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indicate correctly the stage when the water surface was at crest height
and the corresponding discharge was consequently larger than given
in the maximum column. Likewise, in the column headed ‘Mini-
mum”’ the quantity given is the mean flow for the day when the mean
gage height was lowest. The column headed ‘“Mean’’ is the average
flow in cubic feet for each second during the month. On this average
flow computations recorded in the remaining columns, which are
‘defined on page 10, are based.

ACCURACY OF STREAM-FLOW DATA.!
By N. C. Grover and J. C. Hovr.
DEGREE OF ACCURACY REQUIRED.

The laws relating to many natural phenomena have been reduced
to an exact science; those for many more are largely empirical and
are based on experiments and assumptions that only approximate the
truth. In the empirical class are included the laws of the science of
hydrology and especially of that branch of hydrology which relates
to the flow of water in open channels. It is possible, nevertheless,
by carefully considering the various factors, to reduce the incidental
errors so that resulting records will be sufficiently accurate for the
purposes for which stream-flow data are required.

In most problems two degrees of accuracy must be considered—
first, that which is practicable or possible to obtain, and, second, that
which is desirable or necessary. The obtamable accuracy of stream-
flow data depends largely on the amount of money available for their
collection. The desirable accuracy depends on the proposed use of
the data.

Stream-flow records have three principal uses—first, in predicting
flow, generally in connection with the design of hydraulic works;
second, in the immediate operation of hydraulic works; and, third,
in studying conditions of past flow, usually in connection with the
adjustment of water rights. For the second and third uses data as
accurate as can be collected may be needed. In considering the
first use, however, it should be remembered that both the total flow
of a stream and its regimen change from year to year, and that the
conditions existing at any particular time may never recur. For
this use, therefore, reasonably accurate records that extend over a
considerable period are much more valuable than extremely accurate
data covering a short period.

Studies of the accuracy of stream-flow data serve to determine the
methods to be followed in their collection so that the records may
meet the requirements of the proposed uses. Notes on accuracy that
accompany stream-flow records should give, first, information by

1 Republished from Contributions to the hydrology of the United States, 1016: U. 8. Geol. Survey
‘Water-Supply Paper 400, pp. 53-59, 1916.
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 which the technical man may study the records and judge their ac-

- curacy, and, second, information by which both the gengeral and the
.- technical user may judge the reliability of the records without mak-
. ing a study. These two uses should be kept in mind in preparing the
- .-data as well as the notes. Consideration of the accuracy of records to
be collected at any station should begin with the reconnaisance for
the site and continue through the selection, establishment, mainte-
nance, and operation of the station, the computation and interpreta-
tion of the data, and the preparation of the records for publication.
In other words, records should be collected with the desired degree
of accuracy in view instead of leaving it to be determined after the
field data are collected and estimates have been made.

In this discussion of accuracy it has been assumed that personal or
instrumental errors, both in field and office, are reduced to a negli-
gible amount. In order that this assumption may be true, however,
all operations connected with the work must be carefully conducted
and instruments must be kept in proper working order.

The conditions affecting accuracy may introduce errors that may
be consistently compensating, consistently cumulative, or alternately
compensating and cumulative. Therefore care must be taken to de-
termine the way in which the incidental errors affect the results.-

CONDITIONS AFFECTING ACCURACY OF RECORDS OF DAILY
DISCHARGE.

The obtainable accuracy of records of daily discharge of a stream
depends on the following factors, information in regard to which
will determine the methods of operation and give a basis for evaluat-
ing the records after they are collected:

1. Permanence of the stage-discharge relation.

" 2. Precision with which the discharge rating curve is defined.

3. Refinement of gage readings.

4. Frequency of gage readings.

5. Methods of applying the daily gage heights to the rating table
to obtain the daily discharge. A

Permanence of the stage-discharge relation.—The permanence of
the relation of discharge to stage as determined by the control is a
fundamental factor in the collection of records of daily discharge of
a stream. It may be disturbed either by a change in the control
itself or by conditions that counteract the effect of the control, such
as backwater from.log or ice jams or floods in tributary streams
below the station. The general character of the control and the con-
ditions that may affect it are determined by inspection. The effec-
tiveness of the control, however, can be finally determined only by
plotting the results of discharge measurements. If such plotting
does not define a smooth curve the inconsistency is due to poor
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current-meter measurements of discharge, to instability of the con-
trol, or to djsturbing influences. If the control is unstable the ac-
- curacy of the record will depend on the number of the discharge
measurements and their distribution as to time and stage.

Errors due to lack of permanence of the stage-discharge relation
may be either compensating or cumulative, according to the physical
conditions affecting the nature and stability of the control.

Precision of the discharge rating curve.—The precision with which
the discharge rating curve is defined depends on the accuracy of
the discharge measurements, their distribution in range, and the per-
manence of the control. If the relation of the discharge to stage
were permanent and truly defined by the rating curve and the dis-
charge measurements were absolutely accurate a series of measure-
ments for a station would plot on a smooth curve. Unfortunately,
such ideal eonditions do not exist; therefore, a series of measure-
ments for a station will plot somewhat discordantly, and the rating
curve should be drawn among them in such a way as to represent aver-
age conditions. For permanent conditions of control combined with
a good measuring section the variations of individual measurements
from the mean curve should be comparatively small and as likely
to be plus as minus. The probable error of a rating curve may be
computed by the method of least squares and will be a factor in
determining the probable error of the estimates of daily discharge.

Errors in determinations of daily discharge resulting from errors
in the position of the rating curve will be cumulative for any stage,
but may be partly compensating if the curve used lies first on one side
and then on the other side of the true curve.

Refinement of gage readings.—Refinement of gage readings affects
the accuracy of stream-flow data to a degree dependent on the
sensitiveness of the station, which in turn is determined by the size
and shape of the channel at the control in relation to the quantity
of discharge. The sensitiveness is indicated by the magnitude of the
change in stage accompanying a given change in discharge. The
limiting requirements as to sensitiveness should be a change in stage,
that is readable on the gage used for a change of 1 per cent in dis-
charge. In general the more sensitive the station the more accurate
the records that can be collected by ordinary methods and the less
refinement necessary in the gage readings.

Errors due to lack of refinement in reading will generally be com-
pensating, but they may be cumulative when the stage shows only
small fluctuations during a considerable period or when they are
due to systematic personal errors of the observer.

The degree of refinement in record of stage necessary to give a
sufficiently accurate determination of discharge will vary inversely
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with the stage and is determined by the sensitiveness of the station
ag disclosed by a study of the discharge rating eurve.

Gages are usually read to hundredths, quarter-tenths, half-tenths,
or tenths. The resulting absolute errors of observations in individual
readings are shown by the following table:

Absolute errors for individual gage readings.

Maximum -
T error. Average error.
Frao;tiofnal
part of a
tenth of @
Foot. Foot. foot.
Readings to hundredths . ..o cocoiiimaeii it e et cecnraanans 0.005 0.0025 &
Readings to quarter-tenths L012 . 006 1?
Readings to half-tenths.............occoeuan.. .025 .012
Readings t0 1emths . ce e om i [ .05 .025 3

For staff and ehain gages 2 per cent has been selected, more or less
arbitrarily, as the limit of allowable average error in a determination
of daily discharge due to errors in the determination of mean daily
gage height. The table indicates that the maximum error for any
one day is twice the average error, so that the maximum error for
any one day may be 4 per cent. According to the law of probabilities
the average error in the determination of a monthly mean discharge
for fluctusting stages resulting from a 2 per eent average error in
the determination of mean daily discharge is about one-third of 1
per cent. .

The refinement to which the records of mean daily gage height
must be used—whether to hundredths, half-tenths, or tenths—in
order to obtain this limit of accuracy in determinations of discharge
at any given stage will depend on the percentage of difference in dis-
charge for such least differences in gage readings at that stage, as
shown by the rating table. '

In determining this refinement the engineer should proceed as
follows and enter the results in a table of the form given below, in
which the Potomac at Point of Rocks, whieh is read onee daily to
hundredths, is used as an example.

v

Limits of accuracy in the use of gage readings.

Present Error in Use ga :
readings. dé‘lscharge se gage heights to—
.. .. ue to
| M| M| G
Station. Num- dis- | 9:1foot iny
ber hg?‘glft charge.| the gage | Hun- [ Half- | monp,0
o7 | To~ |DEIENL|CRATER] ot mini. | dredths | tenths be~| o0 w15
4 . | mum | below— | tween—
¥ discharge.
Potomac River at Point of Foot. | Feet. | Sec.-ft.| Per cent, Feet. Feet. Feet.
Rocks, MA................] 1 0.01 0.40 580 36 1.0 1.0-2.0 2.Q
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The discharge rating table shows that the minimum discharge is
580 second-feet and occurs at gage height 0.4 foot. The difference
per tenth between gage heights 0.4 and 0.5 foot is 210 second-feet,
or 36.2 per cent of the minimum discharge.

The limits of stage between which it is necessary to use mean daily
gage heights to hundredths, half-tenths, and tenths, respectively,
in order not to introduce an average error of over 2 per cent in the
determination of daily discharge are shown in the last three columns
and are determined by trial by testing values from the discharge
rating table at selected half-foot intervals, as follows:

In testing at the 2-foot gage height for gage records to tenths the
difference between the discharge at 2.0 feet and that at 2.1 feet is
found to be 360 second-feet. The average error of a mean daily rec-
ord to tenths is one-fourth tenth., Therefore at gage height 2.0 feet
the average error for such record, expressed in second-feet, is 42 =90
second-feet, which is 1.8 per cent of 5,020 second-feet, the discharge
at the 2-foot stage. Therefore it is not necessary to use gage-height
records closer than 0.1 foot above the 2-foot stage, as above this stage
the average error is less than 2 per cent, which is the allowable error.

A continuation of this analysis shows that in order to keep the
error in the determination of discharge resulting from lack of refine-
ment in gage readings below 2 per cent, the gage at Point of Rocks
should be used to hundredths below the 1-foot stage, to half-tenths
between 1.0 foot and 2.0 feet, and to tenths above 2.0 feet.

For a record obtained with a water-stage recorder the same pro-
cedure is followed except that the allowable error should be 1 per
cent.

For stations with shifting control the methods of analysis above
described can bé used only in a general way.

In practice the limits of use of gage heights can be readily deter-
mined by the following ruales:

Find the stage at which the difference in discharge per tenth is
8 per cent of the discharge at that stage. Gage heights above this
stage should be used to tenths.

Find the stage at which the difference in discharge per tenth is
16 per cent of the discharge at that stage. Gage heights below this
stage should be used to hundredths.

Gage heights between the two stages thus found should be used
to half-tenths.

Frequency of gage readings.—The frequency of gage readings is
an important factor in the accuracy of records of-streams that are
subject to considerable daily fluctuation in stage. To obtain a gage
record so accurate that its use with the rating table will give the
true mean discharge for the day the number of readings should vary,
according to the nature of the fluctuations, from one or two daily to
a continuous record obtained by some form of water-stage recorder.
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To ascertain the frequency required it is necessary to compare the
daily discharge obtained from one gage reading daily or the mean of
two readings daily with that obtained from the mean of hourly gage
heights or by a discharge integrator.

Errors due to insufficient gage readings may be cumulative or com-
pensating, or alternately one and the other, according to the nature
of the fluctuations in stage.

Methods of applying the daily gage heighis to the rating table.—
The method of applying daily gage heights to the rating table to
ascertain mean daily discharge is determined by the curvature of the
rating curve,

Theoretically, the mean daily discharge of a stream is the mean of
the discharge for every second during the day. In ordinary compu-
tation of daily flow, it is assumed that the rate of discharge through-
out the day varies so little or with such regularity that the daily dis-
charge may be determined by entering a rating table with a mean
daily gage height obtained either from a few observations or from a
continuous record made by a water-stage recorder. As discharge isin
general an increasing curvilinear function of gage height, the use
of a mean daily gage height with a rating table gives a result that
is always too small. The magnitude of this error, which will vary
with the curvature of the rating curve and with the daily range in
stage, will determine whether the daily discharge can be ascertained
directly by finding a mean daily gage height or indirectly by averag-
ing the discharge corresponding to gage heights for shorter inter-
vals. Hourly discharge is frequently used. As an ultimate limit the
absolute mean discharge for the day may be ascertained by a dis-
charge integrator, which operates much as a planimeter operates and
contains as an essential element the rating curve of the station. Such
an mtegrator has been devised by E. S, Fuller, formerly asswtant
engineer, United States Geological Survey.

It is necessary, therefore, to study each gaging station, in order to
determine the length of the period that should be used in applying
the gage heights to the rating table. In such an investigation a
maximum allowable error of 1 per cent is assumed. The amount of
daily range in stage allowable for a given mean daily stage, in order
that errors due to curvature of the rating curve shall not exceed 1 per
cent, can be found graphically by constructing a chord to the rating
curve such that the horizontal distance, measured by the discharge
scale, from its middle point to the curve equals 1 per cent of the dis-
charge at the gage height of the middle point. The difference in
gage height at the ends of the chord will be the a]lowable daily
range.

123678°—20——2
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A table of such limits covering the range of stage, used with tables
of mean daily stage and range in stage, will indicate the days for
which the mean daily discharge can be found directly from the mean
daily gage height and those for which more frequent intervals are
necessary.

The errors resulting from the application of the gage height to the
rating table will in general be cumulative, and their magnitude will
vary with the method used in making the computations.

ACCURACY OF MONTHLY OR YEARLY MEANS.

The foregoing discussion of accuracy relates only to determina-
tions of daily discharge. For many uses the mean flow for longer
periods may be sufficient. The monthly mean is in general use for
hydraulic studies. If errors resulting from all causes in the esti-
mates of daily discharge are compensating, the probable error in the
determination of mean monthly discharge will be much less than
the probable error of the individual determinations of daily dis-
charge. A careful analysis of the estimates of daily discharge and
monthly means computed from them shows that 1arge errors 1n the
daily estimates may be so compensated that the errors in the monthly
means are small,

ST. MARY RIVER BASIN.
GENERAL FEATURES.

St. Mary River rises in northwestern Montana, on the eastern slope
of the Continental Divide (PL. 1), in a region of perpetual snow aud
ice. The stream flows out of the Blackfeet Glacier, probably the
largest in the Rocky Mountains within the United States, and is
joined by at least a dozen lesser streams that unite within a short
distance of their sources. The combined waters flow into a lake
which is hemmed in by lofty mountains and is known as Upper St.
Mary Lake. A short stream through a narrow strip of land connects
this lake with Lower St. Mary Lake, the total length of the two being
22 miles. :

The river and all its tributaries except Boundary Creek on the
west side and Rolph (Willow), Pinepound, and Pothole creeks on the
east side rise in the main range of the Rocky Mountains, where the
mean annual precipitation amounts to about 60 inches, and occurs
in greater part as snow. Although comparatively small, this moun-
tainous part of the basin furnishes practically all the water. The
stream is subject to great fluctuation during the'summer, furnishes
water throughout the irrigation season, and maintains fairly constant
though low flow during the winter.
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Altitudes in the drainage basin in the United States range from
4,000 te 10,000 feet above sea level, and the fall of the river is com-
paratively rapid throughout its course, especially between the St.
Mary Lakes ahd the Alberta Railway & Irrigation Co.’s intake. The
elevation of the water level of the river at various points is shown by
the following table:

Elevations and distances along St. Mary River.

Distances

Elova |'between | Fall Fall

Point on river. abovosea points | between per

level. | @pproxi-| points..| mile.

mate).

Feet. Miles. Feet. Feet.
Qutlet of Lower St, Mary Lake......ccooooiiiioiiiiiiiiaiinn. 4,460 [ el
Internatienal boundary ........ 4,103 13.5 357 2.4
North boundary T. 2, R. 24. 3,680 19.0 423 22.3
North boundary T.4, R.24.. 3,435 3.0 245 9.8
East boundary T. 6, R, 23.... .. 2,969 34.0 466 13.7
Confluence with Belly River. .......................oooo... 2,705 32.0 264 8.3

In the upper part of the stream valley below St. Mary Lakes the
banks on the west side of the river are, as a rule, gently sloping, but
on the east side cut banks of clay and sandstone occur at a number of
places as far down as the crossing of the United States Reclamation
Service siphon west of Spider Lake, where a valley extends eastward
into the drainage basin of Rolph or Willow Creek. Below this point,
almost to the intake of the Alberta Railway & Irrigation Co.’s canal,
the valley banks are high and in many places precipitous, especially
through T. 1 in Canada, but from this point te about the center of
T. 4 the valley is wider and the slope of the banks is much gentler
From here on the stream flows for some distance in a deep, narrow
canyon walled by almost perpendicular banks made up of clay with
layers of sandstone. Below the canyon, though the valley is wider,

. there are numerous cut banks of clay and sandstone that effectually
preclude the possibility of diversion for irrigation. If reasonable
cost is a consideration, the diversion of water from this river for use
on the bench lands at any point much below the south boundary of the
Blood Indian Reserve appears to be impracticable.

From the St. Mary Lakes to the canyon in T. 4 the bed of the stream
is composed of gravel and boulders and the banks are almost entirely
of 'sand and gravel. A bed of gravel and boulders is, indeed, charac-
teristie of the stream, although there is more rock and the boulders are
larger in the lower reaches, where also the water is more turbid, prob-
ably because of material washed from the clay banks along this
portion of its course.

In the upper part of the stream, where the grade is high, there are
in places several channels separated by gravel banks, but lower
down the stream appears to be confined to one channel and within
well-defined banks.
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The stream valley is practically unforested north of the mouth of
Swiftcurrent Creek, and though aspen, willow, and poplar grow
sparsely above this point, the growth is not sufﬁment to be com-
mercially valuable.

The principal tributaries of the St. Mary are Swiftcurrent, Kennedy,
and Lee creeks.

Swiftcurrent Creek rises near the Continental Divide and is fed by
streams from Grinnell Glacier, Iceberg Lake, and several small,
unnamed lakes. The first lake worthy of note is McDermott, which
receives the drainage from an area comprising 31 square miles, prac-
tically all mountainous. The stream flowing from McDermott Lake
passes by a fall and cataract about 80 feet high to the valley below,
which spreads out to a width of about a mile and has comparatively
little fall to the mouth of lower Sherburne Lake. A contraction of
the valley at this point forms the site of the Sherburne Lake dam
which, when completed, will back the water nearly to the foot of the
McDermott falls. The only important tributary between McDer-
mott Lake and the mouth of Sherburne Lake is Canyon Creek, the
drainage area of which at the gaging station near the mouth comprises
7 square miles. Boulder Creek, the chief tributary of Swiftcurrent
Creek, enters about 3 miles above the mouth. On-October 1, 1915,
Swifteurrent Creek was diverted into Lower St. Mary Lake by a dam
at the point where it leaves the mountains, about 2 miles above its
former mouth. !

Kennedy Creek, flowing into the St. Mary from the west, is in many
respects similar to Swiftcurrent Creek, and although smaller, adds
materially to the flow of the river. It rises in‘the mountains between
the head of Swiftcurrent Creek and Chief Mountain. Its catchment
area is small, but the run-off per square mile is large. 3

Lee Creek rises on the northern slope of Chief Mountain, crosses the
international boundary some distance west of the St. Mary, and
after flowing about 15 miles through Canadian territory joins theriver
east of Cardston. Itsflow islarge during the spring and early summer
but decreases rapidly during the rest of the year, and through the
winter months it carries little more than enough water to supply the
domestic needs of the settlers along its banks and the munlclpal
requirements of the town of Cardston. : s 4

The tributaries on the east side of the river—Rolph or Wﬂlow Creek,
Pinepound Creek, and Pothole Creek—rising as they do in the foot-
hills or on the Milk River Ridge, are unimportant and can not be
depended on to supply even the domestic needs of the residents along
them. ‘

Boundary Creek, rising in the foothills between Lee Creek and St '
Mary River and flowing in on the west side immediately south of the
boundary, is similar in all respects to the creekslast mentioned.

-
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GAGING-STATION RECORDS,

STATIONS ON MAIN STREAM.
ST. MARY RIVER NEAR BABB, MONT.

Locarion.—In Sec. 27, T. 36 N., R. 14 W., 1,040 feet above the headworks of St.
Mary canal and about 2 miles south of Babb, on Blackfeet Indian Reservation, in
Teton County. (See Pl II, A.)

DRAINAGE AREA.—278 square miles, including area of Swiftcurrent Creek above point
of diversion into Lower St. Mary Lake; prior to October 1, 1915, 177 square miles.

RECORDS AVAILABLE.—April 9, 1902, to December 31, 1917. Records subsequent to
October 1, 1915, are comparable with those obtained at gaging station below
mouth of Swiftcurrent Creek previous to that date. (See Regulation.)

GageE.—Chain gage on right bank; a temporary low-water gage about 30 feet out in
the stream is used during the winter months. Gages are read by employees of
the United States Reclamation Service.

Di1scHARGE MEASUREMENTS.—Made from a cable 560 feet below the gage or by wading

» about 800 feet below the gage. In September, 1909, the cable was moved from a
point 300 feet downstream.

GHANNEL AND CONTROL.—Original stream channel practically permanent. Banks
high and not subject to overflow. In 1916 construction work by the United
States Reclamation Service on the St. Mary canal diversion dam, 1,040 feet below
the gage, caused changes in the stage-discharge relation. This dam, which at
present forms the principal control, is provided with flashboard sluice gates, but
these are seldom changed. The St. Mary canal takes water from the left side of
the dam. A gaging station is maintained at the head of the canal to determine
the quantity of water diverted and discharge measurements show the effect of
these diversions on the stage-discharge relation.

EXTREMES OF DISCHARGE.—Maximum stage during period covered by records esti-
mated at 9.4 feet June 5, 1908 (discharge, 7,980 second-feet); minimum stage
recorded, 1.0 foot April 3-7, 1904 (discharge, 20 second-feet).

Ice.—Stage-discharge relation may be affected by ice during January, February, and
March, but the effect is usually small.

Drversions.—About 200 acres of hay Jand is irrigated by water diverted from
Swiftcurrent Creek above this station.

REecuraTioN.—The flow of Swiftcurrent Creek, which is regulated to a small extent
by Sherburne Lake reservoir, was diverted into St. Mary River October 1, 1915.

Accuracy.—Stage-discharge relation affected by shifting of control at low water, by
placing or removing flashboards on dam, and by diversionsinto the United States
Reclamation Service St. Mary canal. The effect of these influences can be
closely determined from the discharge measurements and the observer’s notes.
Records good.
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Discharge measurements of St. Mary River near Babb, Mont., 1902-1917.

I 1
Gage Dis- Gage | Dis-
Date. Made by— height.| charge. | Date. Made by height. | eharge.
1902, Feet. Sec-ft. 1909. Fect. | Sec.-ft.
1.50 94 || May 27 2.98 938
1.5% o7 Il June 13 {. 4.42 2,440
3.55| 1,179 ( July 6 440 | 2,210
3.20 993 7 4.39 2,250
3.06 897 [| Sept. 14 |... 1.80 361
2.73 626 14 1.80 356
2.47 437 18 1.76 322
2.00 355 i Oet. 13 1.50 235
1.92 267
1.85 232 1910
1.73 Apr. 19 2.22 480
1.65 182 | May 12 3.80 1,530
June &'9‘1 g% 1,400
1,250
Tl bt Aue 1 298| 567
6 00 363 || Sept. 16 1.42 204
508 3758 ggv. 18 2.20 515
o ?
585 3418 | Dec- 30 1.06 o
4. ?5 2,212 1911.
P30 B2 var s .93 7%
1os| e | May 3 2.25 515
. sl
102 1574 2.30 797
. June 5 4221 1,840
o vl 2 52| 2140
3‘ % 241 July 17 3.63 990
297 801 Aung. 25 2. 06 443
2o Zos | Qct. 12 | 1.82 332
270|  eio| e B 1.00 86
5 %
2e) o 255 1,35
1.16 117
1904,
May 9 3.13 878
June 8 4.73 2,130 || Mar. 3¢ | W. A, Lamb........... L4 86
July 11 4.30 1,771 || June 10| R. R, Randeli.. ... 5.40 2,980
29 3.20 851 || Aug. 2t | Lamband Hoyt. . 2.43 604
Aug. 31 2.42 441 || Dec. 19 | W, A Lamb........... .93 95
Nov. 18 1.25 62
1905 o3| W. A, Lamb 92 82
Apr. 26 1.85 104 . A Lamb........... .
May 29 3 32 310 Dec. 16 | B.E. Jones............ 1.27 162
guu]ne %g ..... d 4.01
v 18 .77 66
20 3.30 3171 1,100
Aug. 11 2.92 2.7t ’ 308
Sept, 6..... do 421 2.36 602
23 | Morse and Freeman....| 1.98 :
Nov. 17 | W. B. Freeman........ 1.85
1906. 1.35 133
Mar. 81| Freeman and Edson...| 1.40 2.18 472
May 11| W. B, Freeman.._.. ... 2.92 3.55 1,340
Aug. 18 | Morseand Hartman....| 2.82 4.92 2,410
Sept. 14 | Richardsand Hartman.| 2.42 6.03 4,660
1967 570 4100
Mar. 20 1.7 s B
May 14 305 Le
ay .05 Cax =
June § 4.88 « 6 256
JAuly % 5.60
ug. 3.58 _ =
Sept. 6 311 - R
1908. 4821 3,320
Apr. 17 1.85 4,45 2,980
June 19 4.84 3.58 1, 850
July 25 3.30 175 630
Aug. 21 2.17 1.69 363
22 2.17 1.50 247
Oct, 8 1.49

Nore,—1906: May 11, meter probably not in good order; results low,
1907: Mar. 30, snowdrift in stream at left bank.
Dec. 30, 1910, and Mar, 14, 1911: Xce present at gage.
bal]?]l{z:tlfar. 16, ice along both banks and at conirol, channel being open at control. Dec. 16, ice along
at gage.
1014: Decg. 16, ice along banks, buf control clear. 3 3 R
1915; Feb, 18, ice along shores, control ciear; Apr. 20, flashboards placed in sluiceway, causing a rise of
1.5feet in stage.
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Daily disci;arge, in second-feet, of St. Mary River near Babb, Mont., 1902-1917.

!
i

Mar, I

Day. Jan. ‘ Feb. Apr. | May. { June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
515 258 190 127
465 258 190 127
465 258 190 127
465 258 190 127
420 223 158 127
420 223 158 127
420 223 158 }.......
420 223 158 [.......
375 223 158 [.......
375 223 158 {.......

335 223 158

335 223 158

335 223 158

335 223 158

295 223 158
335 223 158 |.......
335 223 158 .......
295 223 158 |.......
295 223 158 |.......
295 223 158 1....o..
295 223 158 |.......
295 223 158 .......
295 223 158 .. ...,
295 158 .. ...
258 223 127 f.......
258 190 127 190
258 190 127 223
258 190 127 190
258 190 127 190
258 190 127 158
R R £ I SR 158
72 2,110 | 3, 1,160 | 740 | 1,000 | 465 205
72 2,110 | 3,040 | 1,160 | 675 | 1,020 | 465 335
50 2,200 | 2,810 | 1,160 675 950 465 335
50 2,390 { 2,490 | 1,090 620 880 420 335
50 2,920 | 2,200 | 1,020 | 620 | 880 | 420 335
50 98 375 | 3,520 } 2,110 950 620 810 420 335
50 98 465 | 3,400 {2,110 950 620 740 375 335
50 98 515 | 3,520 | 2,020 880 565 675 375 335
50 98 565 | 3,520 ¢ 2, 830 565 620 375 335
50 98 565 | 3,520 | 1,930 880 515 565 375 295
50 98 515 | 3,400 | 1,840 950 515 565 420 295
50 98 515 | 3,520 | 1,840 950 515 620 420 295
50 98 565 | 3,520 t 1,840 880 515 620 375 295
50 98 565 | 3,520 | 1,750 810 515 620° 375 295
50 98 620 | 3,520 j 1,750 810 465 620 375 295
50 98 675 | 3,400 { 1,750 810 465 620 375 295
50 98 6751 3,520 { 1,6€0 740 465 620 375 205
50 98 675 | 3,520 § 1,570 810 465 620 375 295
50 98 620 | 3,640 { 1,570 810 465 565 375 295
50 127 6751 3,520 [ 1,570 810 465 565 375 295
72 72 50 127 620 | 3,400 | 1,570 810 515 515 325 295
72 72 50 158 740 1 3,160 | 1,480 740 515 565 375 205
72 72 50 158 8101 3,160 | 1,480 740 565 565 335 205
72 72 72 190 950 ) 2,920 | 1,480 740 565 565 335 ?
72 72 72 203[1,000| 2,810 1,480 | 740| 620| 515| 335 5
721 -22311,160 | 2,700 { 1,480 740 950 515 335 295
72 223 11,160 | 2,700 § 1,480 740 § 1,090 515 335 295
72| 22311,395]2,92011,305| 740]1,000| 515| 335 295
72 190 | 1,480 { 3,10 { 1,315 740 | 1,160 515 335 295
72 190 { 1,660 § 3,400 § 1,315 740 | 1,160 515 295 295
721....... 2,110 1.......1 1,160 675 1....... 465 1....... 295
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Daily discharge, in second-feet, of St. Mary River near Babb, Mont., 1902~1917—Contd.

Day. Jan. | Feb. | Mar, | Apr. | May. | June. | July. | Aug. | Sept. | Oct. rNov. Dec.
301 748113,750 | 1,750 | 748 | 430 223| 106 69
30 812§ 1,750 | 1,750 748 430 233 106 55
30 880 {1,840 | 1,750 748 384 223 106 55
30 880 | 1,840 | 1,840 748 578 223 106 55
30 880 | 1,840 | 1,840 748 384 223 85 55
30 880 1 1,930 | 1,840 748 384 223 85 55
30 812 11,930 | 1,840 748 384 223 85 55
42 812 1 2,020 | 1,840 748 384 223 85 55
42 812 { 2,110 | 1,840 748 384 223 | . 85 55
42 812 | 2,110 | 1,840 748 384 189 69 - 55
42 812 | 2,110 § 1,840 748 384 189 69 55
55 748 | 2,020 { 1,750 748 340 189 69 55
55 748 | 1,840 | 1,750 748 340 189 69 55
69 748 | 1,660 | 1,750 748 340 189 69 55
60! 812|1,750|1,750{ 688 | 340| 189 69 55
85 812 | 1,840 | 1,570 688 298 189 69 55
85 812 | 1,840 | 1,400 631 298 189 69 55
85 880 | 2,020 | 1,240 631 298 189 69 55
85 950 | 2,020 | 1,160 578 298 189 69 55 -
189 | 1,020 | 2,200 | 1,090 631 298 159 85 55

€
298 | 1,160 | 2,300 950 631 208 159 106 55
430 | 1,480 | 2,200 880 631 298 159 106 55
478 | 1,660 | 2,200 830 578 259 159 106 55
,110 812 578 223 131 85 55
,110 812 527 223 106 69 56
i
,930 812 478 223 106 69 55
,660 812 430 223 106 69 55
, 660 812 430 223 106 69 55
, 660 830 384 223 106 69 55
7660 | s12| 384 | 28| 106 69 55
....... 748 | 430 |.......| 106|.......] _ 55
995 995 855 325
1,145 995 790 325
1,460 | 995 | 700 | 325
1,545 995 790 325
1,715 ] 995 | 725| 325
1,800 11,070 | 7251 325
1,890 | 1,070 | 725 325
1,800 | 1,070 | 725{ 285
1,890 | 1,145 | 665 | 285
1,890 | 1,145 | 665 285
,800 (1,220 | 665 285
,800 | 1,220 665 285
8001 1,220 | 665| 285
,800 § 1,145 610 285
,800 | 1,145 610 285
,800 | 1,070 610 245
0890 '995| 610 245
1460 | 1,070 | 555 | 245
,300 | 1,070 505 245
220 | (995 | 505 | 245
,220 995 505 245
,300 925 505 245
,145 925 410 245
,070 925 410 245
,070 925 410 210
995 855 | . 410 210
995 855 410 210
995 855 365 210
925 855 365 245
925 855 325 245
....... 855 325 l.......
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Daily discharge, in second-feet, of St. Mary River near Babb, Mont., 1902—1917—Contd.

Day. . Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.

90| 610) 925]|1,220| 725) e10] 395| 725
90| e610] 925)|1,220| 725| ei0| 285! 790| 505
90| 651,070 | 1,220 610 325] 790 | 505
90| 665]1.145| 1,220 665( 610} 285! 790| 455
15| 6651, 1,300} e65| 5551 325| 725| 455
115 665 | 1,300 | 1,300 555 | 985| 665| 410
115 | 665 ]1,300 | 1,380 | 610 325| 610| 410
115 665[1,380 (1,30 610 355 285| 665 410
15| 665[1,380 | 1,460| 610 B555| 365-| 555| 365
15| 725(1,380 {1,460 | 610 505| 325( 555| 325
115{ 725(1,380 | 1,545 555 505 365| 610 245
15| 725 | 1,380 | 1,545 | 55| 455) 325 610| 245
1,460 [ 1,630 | 555 455] 365( 6 245
145| 9025|1545 | 1)545| b555| 410 | 325| 665| 245
145( 095(1630 | 1,545 555 410 410| 725{ 245

1,460

v

3%

1145

E8E8E 88888 55888 88888 [&58&8
&
g

SEGRES
o
o
&
©
]
S

..................... 725 {oenon.. 175
905 532 202 90
835 532 202 90

]
o
8
»
3

83

765 433 171 90
765 433 17 90
765 433 1 90
765 433 142 90
700 338 142 90
765 388 142 90
835 -346 142 90
835 346 142 90
700 346 142 90
640 346 142 90
640 346 115 90

307 115 47
640 307 115 47
585 307 115 47
585 270 115 47
585 270 115 47
585 270 115 47
585 270 115 47
532 235 115 47
765 235 115 67
640 235 115 67
585 235 67
585 235 90 67
585 202 90 67

ceveenld 202 ..., 90
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Daily discharge, in second-feet, of St. Mary River near Babb, Mont., 1902-1917—Contd.

Day. Jan. } Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. } Dec.

1,670 | 1,388 372
1940] 1,380] 770{ 350
2020] 1,460 740 328
5000] 1,500] 740 286
7,030 | 1,630 710] 286
7,740 | 1,630 630 286
76201 1,630 | 652| 236
6420 | 1,540 | 623] 286
5750 1,540 506 286
4010 | 1,580 | 568] 286
4,400 1,580 368} 26
4950 | 1,580 ] 596| 26
3,830 1,540 568| 286
30200 | 1,630 568| 286
30270 1,580 | »5a2| 286
3,160 | 1,680 | 516] 286
370501 1,530 491 2s6
2/880 | 1,540 466 | 307
206101 17460 | 466 350
2450 | 1,340 466 328

2,250 | 1,300 442 328
2,000 | 1,260 442| 328
1,760 | 1,260 ] 491 | 286
1,680 1,260 | 466 | 307
1,580 | 1,220 466 | 307
1,760 | 1,140 466{ 307
1,630 | 1,070 | 466 | 307
1,630 | 1, 466 | 286
1,53 | "930| 466] 206
1,460 | 865| 4661 266




WATER SUPPLY OF ST. MARY AND MILK RIVERS, 1898—1917,

27 .

Daily discharge, in second-feet, of St. Mary River near Babb, Mont., 1992-1917—Centd.

Day.

-

Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oet. | Nov. | Dec.
1

1,200 [ 1,600 | 1,100 | 525f 230} 330} 500 260

1,210 [ 1,660 1,060 f 500{ 230} 410{ 500 260

1,130 1,710 | 1,060} 500} 230f 410} 500 230

1,030 | 1,660 | 1,060 4507 230} 410] 450 360

935| 1,510 [ 1,030 | 450} 230} 500! 459 266

935 1,380 9951 430! 230} 650 410 260

935| 1,840 935| 430} 230} 550| 4te 230

1,030 1,470} 905] 410| 230} 700| 410 30

1,210 1,380 | 8751 410| 230} 755 41 230

1,420 1 1,380 | 845} 410} 215} .755| 410 230

1,560 | 1,380 8151 410| 215] 815| 410 230

1,560 | 1,380 | 785] 402| 215| 875| 450 230

1,470 | 1,420 7851 390 215] 875| 450 230

1,420 | 1,380 | 755| 370 215] 815| 458 236

1,420 | 1,380 | 7551 370 215) 755 500 230

,340 | 1,470 | 7551 370 | 215| 700| 500 200

1,210 | 1,510 | 755 370} 230| 650 | 508 170

1,060 | 1,560 | 755| 330| 230| 600| 500 179

1,100 | 1,560 | 7281 330 230 550 500 170

1,060 | 1,510 | 7281 3301 260 550| 550 179

995! 1,420 | 845 330 | 260| 500 430 170

995 | 1,380 | 700| 295| 260| 450 450 176

995 | 1,250 | 700 295 295( 4l0| 410 170

995 | 1,130 700| 330{ 330} 410| 410 176

1,170 | 1,860 | 675 295| 330 410} 370 1468

1,340 | 1,060 | 600 | 295| 330} 450! 370 140

1,500 1,060 600 260, 330} 500! 350 140

1,560 | 1,660 600 260) 330f 450| 350 128

1,560 | 1,100 | 575| 260| 330} 530 330 109

1,600 | 1,100 | 550 | 230 336] 500[ 295 108

1,660 ... ... 550 | 230 [....... 500 |....... 75

500 | 815] 1,520 675| 370 550| 182 [

500 | 1,130 | 1,440 | 650 | 370| 525! 182 90

500 | 1,200} 1,200 650| 370| 525! 167 90

550 | 1,680 | 1,280 | 600! 500 500| 167 50

600 | 1,920 | 1,280 | 550 | 550 500 167 96

650 | 2,010 1 1,280 | 550! 650| 475' 167 90

8F5 | 1,920 | 1,280 | 575| 630| 450 | 167 90

905 | 1,840 1,200 600 625]| 410! 139 90

935 | 1,840 | 1,130 | 600| 600 3901 139 98

995 | 1,840 | 1, 600 | 600 350 113 62

1,060 | 1,840 1 995! 600 625| 330| 113 62

995 | 1,920 895 575| 625] 330 50 53

9851 2,190 | 935| 550, 650 330 70 53

9951 2,280 | 935| 550 | 650} 312 70 53

1,060 [ 2,370 | 935 550| 650| 312 70 46

62]. 102} 1,360 | 2, 935 | 525 650 295 9% 39

62| 1126|1440 | 2,370 935| 525 650| 295| 113 33

62| 126 1,4401 2,370 935| 500| 650| 295 139 33

621 12611440 2,370| 935| 500| 650| 278 139 33

62| 126 1,360 2,2801 935| 500| 625| 262| 139 33

62| 153|1,360| 2,000 905| 500! 625| 262 153 33

62| 153 1,280| 2,190 875| 475| 600| 246| 139 33

62| 182 1,130(2,190| 815! 475| 625| 220| 139 33

80| 213| 1,130 2,280} 815]| 450 6501 2204 139 33

80| 213 1,060 2,190 815 450! 675| 229| 139 33

80| 213]1,060| 2,100 785| 450 | 650 229! 139 33

80 278 %060| 1,920 755| 450 650, 229 13 33

801 350| ‘985 1,7601 728! 475 625| 220| 13 33

SO| 390| 875)3,680f 700! 450| 600| 229 9% 33

80| 390| 815| 1,680 700| 40| 575 213 90 33

80}....... 7550 ... 700! 3901....... 821....... 33
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WATER SUPPLY OF ST. MARY AND MILK RIVERS; 1898-19117.

Daily discharge, in sccond-feet, of 8t. Mary River near Babb, Mont., 1902-1917—Contd.

/

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.

38 73 57 57 253 | 1,360 | 1,360 755 366 225 225 195

42 73 57 57 290 | 1,360 | 1,360 700 366 195 241 166

46 73 57 59 328 11,360 | 1,280 700 347 195 225 166

50 69 57 59 366 | 1,360 { 1,200 700 366 180 225 180

54 69 57 63 366 | 1,280 | 1,200 700 328 195 225 166

59 66 57 67 366 11,200 [ 1,130 700 | ° 347 195 225 166

59 66 57 73 336 | 1,200 | 1,130 700 328 180 225 166

59 63 57 73 |- 4051 1,200 | 1,060 700 347 195 210 152

59 59 57 76 445 1 1,200 995 700 347 195 225 166

59 59 53 81 445 | 1,280 935 645 347 166 210 166

59 59 53 98 490 { 1,360 935 645 366 180 210 139

59 59 49 107 540 | 1,520 875 618 347 166 225 139

66 57 49 118 645 | 1,520 815 618 366 180 225 139

73 57 47 102 700 | 1,520 815 | 4590 366 166 257 139

73 57 47 107 935 | 1,520 815 565 328 195 241 128

73 57 45 153 | 1,060 | 1,520 815 540 347 195 241 139

73 57 45 159 1 1,200 | 1,440 755 540 347 195 257 139

73 57 45 177 1 1,360 | 1,360 755 515 328 195 241 139

73 57 45 190 | 1,440 | 1,360 755 490 328 225 257 128

73 57 45 210 { 1,520 | 1,360 700 490 309 225 257 128

b2 S 73 57 45 217 | 1,680 1 1,360 700 490 328 241 225 116

b S, 73 57 45 217 11,680 | 1,360 755 445 290 225 225 118

P22 73 57 45 253 11,680 | 1,360 815 445 200 257 225 116

2 73 57 45 253 | 1,600 | 1,360 815 445 290 241 225 116

b T 73 57 45 272 11,520 | 1,360 815 445 263 257 210 116 ,

26.ciiiiiiiaaien 73 57 47 200 11,520 | 1,360 875 445 272 241 225 106

2l PR 73 57 47 290 | 1,520 | 1,360 875 445 253 225 195 96

b2, J 73 57 47 290 | 1,440 1 1,360 815 405 253 257 195 96

29..... veeeteenn 73 57 49 309 § 1,440 ; 1,360 815 405 235 241 195 96

30...... ceeiennn 7 49 272 11,360 | 1,360 815 405 235 257 180 88

) T3 leennen 49 |....... 1,360 |....... 755 386 |.......] 241 |....... 88

1913. N

b 79 72 88 40 385 | 3,080 | 2,280 815 645 232 218
S 79 72 88 40 425 | 3,380 | 2,100 815 645 232 218
F: JRP 72 72 88 31 468 | 3,380 | 2,010 755 618 218 232
[ SN 72 72 88 31 405 | 3,480 | 1,840 755 645 232 232
1 N 72 79 88 31 445 3,480 | 1,760 755 618 232 232
T 02 P 96 36 468 | 3,380 | 1,600 755 618 232 232
Teemecrooneaans T2 |eevenns 96 40 468 | 3,180 | 1,€00 815 522 232 232
- 72 0.0 116 51 468 | 3,080 | 1,520 815 425 218 232
[ N 64 f....... 116 64 468 1 3,080 | 1,520 755 405 232 232
| 64 [....... 118 79 405 | 2,980 | 1,440 700 38 | 232 232
D 64 l....... 116 106 425 | 2,980 | 1,440 645 425 218 232
12, iiiiiiinaan. 64 [oevinnn 116 128 425 | 2,980 | 1,440 700 367 218 232
I N 64 1....... 139 139 468 | 2,880 | 1,360 700 367 218 232
) T2 eeen... 139 152 490 | 2,780 | 1,200 645 349 218 232
X T 724 ... 139 210 540 1 2,680 | 1,200 700 331 218 218
16eeeenvecmnnnes| 72 (oo 2| 139| 225 565)]2,480 (1,060 700 349{ 203| 218
b ¥ 64 j....... 139 241 618 | 2,190 | 1,060 0645 331 203 203
18 ciiieninnnnn 64 (.. ..... 152 274 700 | 2,100 995 700 331 203 190
19 e, 64 [....... 152 309 700 | 1,920 875 645 331 218 190
20 72 |oeeen.] 152 346 700 | 1,840 875 645 331 218 190
b4 S . 72 79 189 309 700 { 1,840 815 645 314 232 203
22 iieieiniinnes 72 79 116 309 700 } 1,760 815 618 296 218 176
P2 T 64 79 116 274 700 | 1,840 815 618 280 218 176
.7 S 64 79 116 274 756 ] 1,760 875 645 280 218 176
b T 64 79 96 274 815 | 1,760 875 618 280 218 176
P T 79 274 | 1,200 { 1,840 875 645 263 218 176
b7 64 309 { 1,600 [ 1,920 875 618 232 218 176
P2 S 51 309 | 2,190 | 2,010 875 645 232 232 176
20 i 51 327 | 2,680 | 2,100 875 618 232 232 176

30...... [ 46 365 | 2,980 | 2,100 875 618 232 232 176 60

..... crenenens (/2 P 40 .......1 3,080 1.......} 875 590 l.......1 218 |.......] ., &0




WATER SUPPLY OF ST. MARY AND MILK RIVERS, 1808-1017. 29

Daily discharge, in second-feet, of St. Mary River near Babb, Mont., 1902-1917—Contd.

Day. Jan. | Feb. | Mar. | Apr. | May, | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.

1914,

90| 108| 590 1,280] 995| 540 367 405] 396| 215
50| 108| 590 |1.360| 995| 540 349] 386 386 | 215
50| 108| 645|1,520] 995| 540 314] 406| 3%6| 184
50| 108| 755{1680|1,030| 540| 331| 426| d425| 184
60| 108 875|1,680|1,060| 490 | 314] 445| 4d25| 170
50| 108| 935|1,760 | 1,060 515 296| 425| 4do0| 215
90| 08| 935)1,680|1,200] 490 296] 445| 515] 199
90| 108| 935|1)520|1,130| 40| 296| 405| 515] 199
90| 108| 875{1,360]1,200) 445| 296{ 425| 515! 101
90| 108| 9351730 |1,060| 405| 280| 386 | 468 | 184
90f 108| 935)1,060]1,130| 445]| 2067 05| 400} 177
90| 08| 995| "935|10060| 425| 248 377| 490| 170
90| 128)1,060] 995|1,060| 405[ 248]| 349) 468] 164
90| 128|1,060 11,060 |1)060 | 405| 2481 367 445| 157
90| 151 1,130 | 1,060 | '935| 405| 263| 349| 425| 157
92| 151|1,200 1,200| 935 405| 263 367| 425 170
94| 176|1,280 1,280 | 935| 405| 263) 405 405| 179
96| 176{ 1,440 | 1,360 | S75| 405| 248| 425| 386| 189
99| 203)1,520 | 1,440 | 845 405| 263 490 | 386| 199
99| 263 (1,440 (1,520 S15| 445| 288{ 515 349| 184
991 2961,600]1,520 | 700 | 45| 314| 540 368] 199
99| 296 1,520 | 1,440 | 700| 425| 332 540 | 386 199
99| 367 |1,520 1.3 700 405| 349| 55| 367 170
99| 4051,520 1,210 | 700 | 425| 367| 540 349} 134
99| 405 1,440 | 1,060 | 590 | 4o05| 387 515| 331 164
99| 405|1,520 995| 590| 405| 406| 490| 27| 144
99| 445|1,600)1,060| 500| do5| 425| 445 263 128
99| 540 |1,440 | 1,030 | 590 | 367 | 445| 425| 248} 111
99| 540 | 1,360 5| 540| 367 | 425| 405 119
99 500([1,200| 935| 490| 367 405| 386 | 218 119
9|...... 1,280 |....... 540 | 867 |....... 405 ... 119

HE) PP 83 h...... 7210 ... 794 1....... 680 408 1....... 4300, ... .l



80 WATER SUPPLY OF ST. MARY AND MILK RIVERS, 1808-1017,

Daily discharge, im second-feet, of St. Mery River near Babb, Mout., 1902-1917—Contd.

Dec.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Auvg. | Sept. | Oct. | Nov.
1916.
168 ] 447 | 640 1,270 4,540:[ 1,230 ] 87 463 | 177 154
168 424 923 } 1,270 | 4,210 | 1,230 877 462 183 150
1681 400| 802 1,27G:] 4,320 [ 1,160} 1,230 [ 444 | 183 171
168 400 923 [ 1,270 | 4,540 | 1,160: | 1,310 426 227 4 159
168 400 088 | 1,340:} 4,320 | 1,080 | 1,480 409 171 150
168| 376 | 1,060 | 1,800 | 4,100 [ 1,080 | 1,576 | 392| 171 146
168 | 376 1,490 ] 1,880 [ 3,770 | 1,080 | 3,570 [ 360 | 171 143
250 376 | 1,800 | 2,040 | 3,660 } 1,160 [ },570 330 171 140
331 447 [ 2,130 | 2,310 | 3,660 | 1,160 | },570 301 211 139
3421 447 | 1,860 | 2480 | 3,550 | 1,160} 1,400 | 287 196 138
353 447 | 1,800 | 2,650 { 3,550 { 1,230 | 1, 160 236 183 138
364 470 | 1,720 § 2,740 | 3,6€0 | 1,230 { 3,010 245 183 137
376 470 | 1,720 [ 2,€50 | 3,6€0 | 3,160 877 265 183 137
376 1 470 | 1,490 12,740 (3,230 1 1,160 L 8181 245 183 136
376 | 470 |1,270 | 3, 2,810 1,160 | 763} 255§ 171 136
3761 494 | 1,130 {3,200 | 2,600 | 1,080 763 | 265| 227 135
376 494 | 1,060 | 3,760 [ 2,600 | 1,010 763 245 337 135
376 518 | 1,060 | 4,760 | 3,500 | £,010 663 255 352 134
376 542 | 1,060 | 5,160 | 2,500 | 1,010 663 311 237 134
400 566 988 | 5,360 | 2,220 | 1,010 618 337 215 133
424 566 | 988 | 5,560 | 2,020 | 1,010 ] 618 471 245 133
424 | 615 | 1,060 | 5,260 | 1,920 | ‘940 18| 452 245 132
424 566 | 1,200 [ 4,760 | 1,920 877 618 366 255 132
447 500 | 1,060 | 4,760 | 1,740 } 877 536 | 287 219 13t
454 518 | 1,130 | 4,210 | 1,740 877 536 245 236 131
462 | 542 ] 1,340 | 4,100 | 1,570 | 877 ¢ 536 190 | 190 130
470 | 542 1,340 | 3,990 | 1,570 877 | 498 171 171 130
470 54211,340 1 4,100 | 1,480 f 877 | 4981 180 171 1%
470 494 | 1,340 | 4,320 | 1,480 877 498 190 165 125
470 | 542 1,270 [ 4,650 [ 1,400 | 877 | 498 | 177 154 132
470 {.......1 1,270} ... 1,310 77 [....... 190 {...... 116
81 66| 2051280 |27701,000] 51} 328| 222 126
8 70 205 | 2,840 | 2,720 932 507 328 246 120
8 73 205 | 2,620 | 2,690 860 467 328 246 120
81 73 205 ] 2,620 1 2,730} 849 | 463 328 | 246 120
81 73| 205125102 718 | 463 | 358 | 257 120
81 9 205 | 2,510 | 2,840 750 433 358 272 120
81 86 206 | 2,510 | 2,880 750 430 358 257 120
81 5] 250.1 2,950 | 2,840 750 398 371 246 12
81 100 | 30013500]2740) 750} 308) 371 246 88
81 107 415 | 3,940 | 2,690 750 388 371 246 66
81 114 620 | 4,160 | 2,550 740 377 371 246 66
81| 114)] 770 | 4,160 [ 2,580 | 7 366 | 358 | 246 66
81 119 | 1,020 | 3, 2,510 675 355 358 246 74
81 | 119 | 1,460 | 3,500 | 2,390 | 655 ] 385] 328 | 208 8
81| 124 11,760 | 3,280 | 2,200 650 | 385 299/ 208 104
81 128 | 2,400 | 3,390 | 1,940 650 385 299 199 104
81 128 | 2,620 | 3,610 | 1,860 630 385 269 178 104
8| 12826203880 11,80 650 367| 209 178 129
81t 133]2 3,940 1 1,960 | 650 | 367 209| 178 120
81| 1252620 | 4,000 | 1,960 | 650 | 355| 299( 178 127
81 125 | 2,510 | 3,940 | 1,900 660 355 288 165 127
81 165 | 2,510 | 3,940 | 1,840 675 355 272 157 133
81 165 | 2,180 | 3,830 { 1,740 700 355 272 150 138
81 | 165]2,070 { 3,660 | 1,560 | 690 | 355| 246 138 133
81 165 | 2,180 ) 3,610 | 1,460 655 355 222 138 138
81| 165 (2,620 | 3,500 | 1,340 | 645 | 335 | 222 138 138
81 205 | 2,950 | 3,390 | 1,280 630 355 199 138 138
731 20513, 3,220 [ 1,250 | 605 | 355) 199 138 138
73 205 | 3, 3,060 | 1,250 563 355 199 127 150
73 205 | 3,280 | 2, 1,170 520 355 199 127 157
73 [eeeea.| 3,170 ... 1, 520 [....... 199 I....... 157

Note.—Mean discharge for January, February, March, and December, 1908, has been revised, as observer
read the gage in inches. Channel open part of February and March; determinations good. Xor January
the record is fair. Discharge Apr. 1-8, 1902, estimated.

Stage-discharge relation affected by ice and discharge estimated for following periods: Jan. 1 to Mar. 31

and Dee. 1-31, 1902; Dec. 11-31, 1903

i

Jan. 1-10 and Jan. 20 to Apr. 2, 1904; Jan. 1 to Mar. 1 and Nov. 26 to

Dee. 31, 1905; Jan. 1 to Feb. 19and Mar, 11-25, 1006; Jan. 1 to Mar. 31, 1907; Jan. 1 to Mar. 31 and Nov. 2u



WATER SUPPLY OF ST. MARY AND MILK RIVERS, 18981817, - 31

to Dec. 31, 1908; Jan. 1 to Mar. 12 and Dec. 25-31, 1910; Jan. 10 to Feb. 7 and Feb. 19 to Mar. 3, 19i1; Jan,
%5?’7 1912; Teb. 6-20, Dec. 1-19, 1913; Dec. 5, 1916, to Jan. 5, 1917; Jan. 21, 20-31; Feb. 1, 16-28; Mar, 1-11,

See table of monthly dischaige for estimates of mean flow for full months,

Estimates of discharge for periods of less than one month, not shown on table of daily discharge, were as
follows: Mar. 1-12, 1910, 120 second-feet; Jan. 10 to Feb. 7, 1911, 100 second-feet; Feb. 19 to Mar. 3, 1911, 80
second-feet; Feb. 6-20, 1913, 75 second-feet; Dec. 1-19, 1913, 140second-feet. Daily and monthly éischarge
recomputed Apr. 1, 1904 to May 31, 1905. The original estimate of mean discharge for March, 1907, was
revised by means of discharge measurements Mar. 20 and 30 of that year. .

From Jan. 1 to some time in April, 1909, and Nov. 23 to Dec. 31 of the same year, stage-discharge relation
affected by ice, but no estimates were made except Nov. 23-30, when the open-channel rating curve was
used. Rough estimates of monthly means were based on weeiﬂy gage heights and open-channel rating
curve. These means are given in the table of mean monthly discharge but were not considered sufficiently
accurate to be included with the computed records for the year. The records for 1909 are, in general, un-
satisfactory, as they do not check the results obtained on Swiftcurrent Creek near Babb, nor those on St.
Mary River at Cook’s ranch. R

In the previously {mbhshed records for 1911 the daily discharge for Feb. 14 was given as 4 second-feet,
with a note stating that this low stage was glrobably ue to the water being held back by the ice at the
outlet of St. Mary Lake at the time the gage-height observation was taken and that the discharge for the
day was prabablg considerably greater. The discharge for Feb. 14, 1911, therefore, has been estimated at
46 second-feet, which is the same as the discharge on Feb. 13 and 15.

Jan. 1 to Mar. 25, 1912, ice present in stream, but open-channel rating was assumed applicable except
Jan. 1-5, which was estimated.

Oct. 1, 1915, Swiftcurrent Creek was turned into St. Mary Lake above the gage. Discharge Nov. 1-19,
1915, estimated at 70 per cent of flow at Kimball, Dec. 20-31, 1915, estimated mean 145 second-feet, or
approximately 90 per cent of flow at Kimball. ~

Jan. 1-18, 1916, mean flow estimated 90 second-feet from flow at Kimball.

Monthly discharge of St. Mary River near Babb, Mont., 1902-1917.

[Drainage area, 177 square miles.]

Discharge in second-feet. Run-off.
Month. per | Depthin Total i
Maximum. | Minimum. | Mean. sglqge ’3&%12? acge?iegtx.
: area.

0.62 0.71 6,764
.68 .71 6, 664
% o] fos
. . , 65

9.77 11.26 106, 312

10.52 11.74 110, 796
12.23 14.10 133,059

4.44 5.12 48,967

1.93 2.15 20, 350

1.25 1.44 13,589
.88 .98 9,282
.73 .84 7,993

3.70 50.61 477,913

N
41 . , 99
.32 .37 3,505
.73 W81 7,676
4.90 4.84 45,685
17.82 19.89 187,676
10.35 11.93 112,645

4.86 5.60 52,879

3.63 4.05 38,261

3.65 4,20 39,721

2.14 2.39 ), 552

1.72 1.98 18,753

4.20 57.10 539,070
.68 TR 7,380
.45 .49 4,600
.45 .52 4,920

1.15 1.28 12,100

6.50 7.49 70, 700

10.90 12.16 115,000

7. sﬂ 8.99 , 800

3.81 4.16 39, 300

1.84 2.05 19, 400
.983 113 10, 760
. 460 .51 4,849

314 36 3,410

2.93 39.92 377,000
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Monthly discharge of St. Mary River near Babb, Mont., 1902-1917—Continued.

[Drainage area, 177 square miles.}

Discharge in second-feet. Run-off.
Month. Por Depth in Total
" inches on o
Maximum, | Minimum. | Mean. sgnl}&re drainage | acre-feet,
‘ area.

0.254 0.29 2,767
.22 .24 > 291
.554 .64 6,030
.994 1.11 10,500
3.66 4.22 , 800
8.91 9.16 86,520
5.73 6.61 62,410
3.26 3.76 35,480
1.53 1.71 16,070
2.40 2.77 ,130
1.15 1.28 12,140
. 960 1.11 10, 450
2.42 32.90 310, 500

JANUATY . oo oot ieeiiaee e .396 .46 4,
February .. .367 .38 3,610
. L1467 .54 5,080
1.23 1.37 13,000
4.75 5.48 51,700
7.34 8.19 71,400
6.89 7.94 75,000
3.67 4.23 39,900
2.44 2.72 25,700
2.38 2.74 ,900
3.76 4.20 39,600
1.60 1.84 17,400
2.94 40.09 379,000
.452 .52 4,920
.622 .65 6,110
.849 .98 , 220
1.32 1.47 13,900
5.71 6,58 62,100
. 7 13.4 14.92 141,000
July.... 2, 1,200 | 2090 11.8 13.61 129,000
August....o.L1LIlIIIIIIIIITUT 1, 640 293 5.05 5.82 54,900
September. 532 694 3.94 4.40 41,300
October..... eeecesssaencusasrannes 532 202 343 1.94 2.24 21,100
November 202 90 136 769 .86 , 090
Dccember....... hecacmenneneaana. 90 47 74.5 421 .49 4,580
The year......eereeueannnnss 2,080 Jerrrenanennn 636 3.88 52.54 496,000
.322 - .37 3,500
-633 .68 6,440
1.07 1.23 11,700
2.68 2.99 , 200
7.34 8. 46 79, 900
19.2 21.42 202,000
7880 3.99 84, 800
3.13 3.61 34,100
1.70 1.90 , 900
October.. .. 1.49 1.72 16,200
Novembher. 1.21 1.35 12,700

December. .678 .78 A
The year...ceeeeieneceennn. 7,980 }oeioinnnn- 696 3.93 53.50 595,000

1909,

May..oieeireniannnens weeesnaen e 1,960 161 479 2.71 3.12 29, 500
June..... 3, 1,860 2,670 15.1 16.85 159, 000
July... 2,180 407 1,320 7.46 8.60 81,200
August. . .... 1,130 538 775 4.38 5.05 . 47,700
September..... 605 252 383 2.16 2.41 , 800
QOctober.... 252 161 217 1,23 1.42 13,300
November. 515 161 399 2.25 2.51 23,700
The Period.cucuerevecosncees]iomanenanenoemeiii il 377,000
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Monihly discharge of St. Mary River near Babb, Mont., 1902-1917—Continued.

[Drainage area, 177 square miles.]

Discharge in second-feet. Run-off.
Month. Pey | Depthin )
Maximum. | Minimum. | Mean. sqqaém ltlilraigigg am%entl.
* area.

0.508 0.59 5,530
. 565 .59 5,500

. 955 1.10 10, 400
2.93 3.27 30,900
7.06 | 8.14 76,900
7.80+ 8.70 82,100
4.48 5.16 48,800
2.05 2.36 22,300
1.44 1.61 15,200
3.24 3.74 35,200
2.45 2.73 25, 800
1.09 1.26 11,900
2.88 39.25 371,000
.482 .56 5,240
.437 .46 4,290
.431 .50 47690
.870 97 9,160
5.58 6.43 60,800
11.0 12.27 116,600
5.60 6.46 60,900
2.99 3.45 32,500
3.39 3.78 35, 700
1.87 2.16 20,300
729 .81 7,680
.305 .35 3,320
2.81 38.20 361,000
.369 .43 4,020
.342 .37 3,490
.282 .33 3,070
.893 1.00 9,400
5.58 6.38 60, 200
7.68 8.57 80,900
5.20 6.00 56, 600
3.16 3.64 34,400
1.81 2.02 19,100
1.19 1.37 13,000
1.27 1.42 13,400
.763 .88 8,300
2.38 32.41 306,000
.389 .45 4,230
.434 .45 4,270
.599 .69 6,520
1.06 1.18 11,100
5.00 5.76 , 400
14.4 16.07 151,000
7.06 8.14 , 900
3.89 4.8 2300
2.20 2.46 23,100
1.25 1.44 13,700
1.17 1.30 , 300
-850 .75 7,070
3.18 43.17 497,000

123678°—20——3
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Monihly discharge of St. Mary River near Babb, Mont., 1902-1917—Continued.

[Drainage area, 177 square mileg.}

Discharge in second-feet. Run-off.
th. Depth in
Mo Maxi soer | incheson | Totalin
aximum. glile. dt:[gl:ge acre-feet.
67 0.345 0.40 3,760
90 428 .45 4,210
99 .532 T8l 5,798
) 590 1.31 1.46 13,800
! 1,600 6.61 7.62 71,900
1,760 7.23 8.07 76,200
1,200 4.94 5.70 53,708
540 2.46 2.84 26,800
445 1.81 2.02 19,100
540 2.45 2.82 26,600
515 2.23 2.49 23, 500
December......o.oooeniniiiiat 215 .977 113 10,600
2.62 35.61 336,000
.458 .53 4,980
411 .43 4,040
.337 .39 3,670
1.37 1.53 14,500
4.82 5.56 52,500
5.99 6.68 63,100
5,15 5.94 56,000
3.15 3.63 34,200
2.29 2.56 24,100
1,79 2.06 30,600
1.47 1.64 24,368
.719 .83 12,300
.392 .45 6,700
.56 .60 8,970
1.28 1.45 21, 500
1.74 1.94 28,900
4.57 5.21 78,100
1.8 13.17 196, 008
10.2 11.76 175,600
3.78 4.36 €4, 600
3.24 3.62 53, 600
1.10 1.27 18, 800
752 .84 12,400
.493 .57 8,420
3.33 45.30 673,000
.339 .39 5,790
.288 .30 4,450
.288 .33 4,990
457 .51 7,560 -
5.90 6.80 101,000
12,2 13.61 202, 000
7.59 8.75 130,000
2.52 2,90 43,600
141 1.57 23,300
1.07 1.23 18,300
716 .80 11,800
424 .49 7,260
278 37.6% 559,000

Notg.—1209: Mean discharge for January, February, March, and December estimated from weekly gage
Iﬁei%%ts and open channel rating curve. Mean for April estimated from flow of Swiftcurrent Creek near
abb.

1915: Swiftcurrent-Creek diverted into St. Mary River above this station on October 1, 1915, Yearly
summeary for 1915 not computed because reswts obtained before and after Swiftcurrent Creek was diverted

are not comparable.
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Mean monthly discharge, in second-feet, of St. Mary Ri@»er: near Babb, Mont., 1902-1915.

|

. Total
“ | Jan. | Feb. | Mar. | Apr. | May.| June.{ July. | Aug. | Sept.| Oct. | Nov. | Dee. ir;a%re-
eot.

1,860 342]  221) 156 |a130 | 478,000
3150 643 646/ 379 | 305 | 539,000
1,930 1 326] 174| 81.4la 55.5/ 377,000
1,450 270|  425) 204 [a170 | 310,000
1,300 4320 421] 666 | 283 | 379,000
2,370 694 343 136 | 74.5/ 496,000
3,400 301 264) 214 0120 | 505,000
2, 670) 383| 217\ 309 [e270 | 425,000

Q5 ot bt 11 1t ek 1D e et

et

N H ETER

-
<

2550 174] si.4] 54 | 306,000

e Estimated.

Note.—Oct. 1, 1915, Swiftcurrent Creck was diverted into S8t. Mary Lake above this station, and the dis-
charge thereafter is not included in the above table because not comparable with the discharge previous to
that date. The median flow given was obtained by arranging the monthly means in their order of maggl-
tude and taking the middle mean, or, if their number was even, the average of the two middle means. By
using daily discharge a somewhat lower median discharge would be obtained.

ST. MARY RIVER BELOW SWIFTCURRENT CREEK, AT BABRB, MONT.

Location.—In sec. 15, T. 36 N., R. 14 W., about a mile below mouth of Swiftcurrent
Creek, at Babb, on Blackfeet Reservation, in Teton County.

DRAINAGE AREA.—298 square miles.

REcorps avaiLaBLE.—July 14, 1901, to October 18, 1902; May 13, 1910,-to September
30, 1915, when station was discontinued.

Gace.—Stevens water-stage recorder on right bank opposite Babb post office. From
July 14, 1901, to October 18, 1902, a staff gage on the left pier of a highway bridge
about 100 feet above the location of the water-stage recorder, and at a different
datum, was used; this gage was destroyed by the flood of June &, 1908. From
May 18, 1910, to July 18, 1911, a staff gage was maintained on the lett bank about
75 feet below the original gage and at a different datum; a temporary chain gage
was used for low-water readings. From July 19, 1911, to April 21, 1915, an over-
hanging chain gage was maintained on the right bank at the same datum and
location asthe water-stage recorder and at the same datum asthe staff gage on left
bank, but on account of conditions in the channel the gages on opposite banks -
did not read the same. Beginning January 1,1913, separate gaging stations were
maintained en St. Mary River and Swiftcurrent Creek overflow, and the results
at the two stations were added to give the total flow of the river at Babb; previous
tothat date only the gage on St. Mary River wasread, the discharge of the overflow
being included in discharge measurements. As the discharge of the overflow
was a small part of the total flow and varied with the flow of Swiftcurrent Creek,
ceasing entirely at low stages, only a small error resulted from this procedure.

DiscEARGE MEASUREMENTS.—Made from the cable 50 feet above gage or by wading.
Small overflow channel from Swiftcurrent Creek measured from a footbridge.

CHANNEL AND cONTROL.—Bed of stream composed of gravel and cobblestones; shifts
slightly. A small overflow channel from Swiftcurrent Creek enters about 100
feet below gage on left bank.

EXTREMES OP DIsCHARGE.—Maximum stage recorded, 6.5 feet July 4, 1902 (discharge,
6,690 second-feet); minimum stage recorded, 3.48 feet March 15-25, 1912 (dis-
charge, 64 second-feet).
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WiNTER FLOW.—Discharge relation slightly affected by ice; flow estimated.
Diversions.—None.
RecuraTioN.—None. )
Accuracy.—Stage-discharge relation permanent except during high-water periods.

Discharge measurements indicate these changes.

Record good.

Discharge measurements of St. Mary River below Swiftcurrent Creek, at Babb, Monk.,
1900-1902 and 1910-1915.

Gage Dis- Gage | Dis-

Date. Made by— beight. | charge, || D3t Made by— height | charge.

1900. Feet, | Sec.ft. 1902. Feet, | Sec.ft.
June 16 |..oceeviciiiiiiiniacanai]oreannnn 750 || Apr. 9 [J.S. Baker............| 0.10 168

2 2.90 2,294 || Aug. 22 | W. B. Freeman 1.50 944

Aug. 6 .. cereeen 1.60 750 | Sept. 2 |..... Lo (0T, 1.11 661
Oct, 1 hiiiiiiiiiiiiiiiiaaa, 1.10 552 22 1 C.T. Prall.._.... .61 420
30 | W. B. Freeman .61 407

1901. Oct. 8jC.T.Prall._.._........ .57 402
July 20 |ooviieeriiiiieie i 2.60 1,827 17 J..... 4 .55 402
Aug. 2 | 2.15 1,479 23 f..... do......... PO .35 311
Oct. 9 ) iiiimiriiiiiniiiianan. .80 424 20 20 TR 1y P .25 281

L .53 311
CNOV. B feeiiiiieiiii s .42 285

1910. 1913.

May 13} W.A. Lamb........... 6.40 2,050 || Mar. 30 | W. A, Lamb........... 3.65 111
June 10 | M. E. McChristie.......| 6.20 1,930 || May 18 |..... [ (N cevn.] 5240 971
25| W.A. Lamb........... 5.78 1,460 || June 12 | R. R. Randell.........} 7.96 4,030

Aug. 1| M. E. McChristie..... 4.7 795 W.A . Lamb........... 7.12 2,720
Sept. 15 |..... Ot iicenaeinaanas 3.82 312 || July 31 |..... s 1 5.72 1,120
Nov. 19 | W. A, Lamb........... 4.55 681 || Aug. 21 |..... do. e 5.27 866
Dec. 29 | B.E. Jones..ocuevuenn.. 3.38 115 j| Sept. 14 |..... s T 4.67 424
Oct. 24 [..... s 1 4.38 299

1911 Dec. 19 |..... [+ [ R 3.91 124
Mar. 15 | B.E. Jones............ 3.40 89
May 4 [..... Q0. cviircannnnnnn 5.13 | 1,050 1914,

6 [..... 5 YN 5.76 ) May 22| W, A Lamb......:... 6.68 2,220
June 5 |..... Q0 eiianicaannns 7.66 | 3,210 || June 20 |..... A0n e ereecaanrannnnn 6.79 | 2,260

25 | W.A. Lamb..o.onon.. 7.60 | 3,240 || July 21 |..... 0. o eemeaaiieans 5.5 | 1,230
July 19 |..... [ 1 P, 5.€0 1,34C || Sept. 9 |..... {5 T 4.57 454
Aug. 25 | B. E.Jones............ 4.67 542 || Nov. 7 |..... dOo.eiiiiiiiiaan 5.28 905
Oct. 12 ..... [ T 4.55 500 || Dec. 16 | B.E.Jones............ 4.17 207
Dec. 8 |..... dOo.evieiiinnnee.| 8.81 138

1915.

1912. Feb. 19| W. A. Lamb._.......... 3.80 90
Mar. 16 | W, A, Lamb........... 3.45 581 0 24 ..... s (s 5.22 766
May 1{.... & U 4.65 514 || May 26 |..... [ (o T, 5. 56 1,050
June 8 | R.R. Randell.,....... 6.05 1,580 if June 22 [..... Lo 6.12 1,560
July 2 |..... L TN 6.38 1,740 {{ July 18 | B.E.Jones............ 5.52 1,030
Aug. 17 | W. A . Lamb._.......... 4.88 687 || Aug. 10 [ Lamb and Hoyt....... 5.22 826
Sept. 19 {..... [+ 1) P 4.52 458
Pec. 16 |..... Ao..iiiiiiii 3.89 177

Nore.—Dec, 29, 1910, and Mar. 15, 1911, ice at gage.

1911: July 19, new gage installed on bank opposite gage previously used and at new datum.
1914: Dec. 16, ice at gage but probably not enough to cause backwater.
Discharge measurements beginning Mar. 16, 1912, do not include the overflow from Swiftcurrent Creek,
which was computed separately; previous to that date the main river and overflow were combined in
measurements and computations. .

Discharge measurements of Swiftcurrent Creek overflow at Babb, Mont., 1912-1915.

Gage Dis- Gage | Dis-

Date. Made by— height. | charge. Date. Made by— height. | charge.

1912, Feet. | Sec.-ft. 1913. Feet. | Sec.-ft.
May 1 | W.A.Lamb........... 5,55 44,7 || Mar. 30 | W. A Lamb....cceooiafernann. 0
June 8 |..... do. . i 6.25 108 May 18 |..... do. ..ol 6.3 108
July 2| R.R.Randell......... 6.37 110 June 12 | R. R. Randell..... 7.0 170
Aug. 17 { W. A, Lamb........... 5.45 40.2 || June 27 { W, A, Lamb 6.15 88
Sept. 19 [..... 5 s 50 12.7 || July 31 i..... do 5.18 21
Dec. 16 |..vocdOeeaemnnacnanaa.. 4.4 2.0 ] Aug. 21 |..... do. 4.91 10
Sept. 14 |..... do.. 4.6 4

1915.
July 18 | B. E. Jones....... O B -1 | 4.9

NoOTE.—1912: Dec. 16, discharge estimated.
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Daily discharge, in second-feet, of St. Mary River below Swiftcurrent Creek, ut Babb,
Mont., 1901-1902 and 1910-1915.

Day. July. | Aug. |Sept.| Oct. | Nov.| Dec. Day. July. | Aug. |Sept.| Oct. { Nov. | Dee.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. Nov.'| Dee.
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Daily discharge, in second-fect, of St. Mary River below Swiftcurrent Creel, at Babb,
Mont., 1901-1902 and 1910-1915—Continued.

Day. Jam. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.

1,560 782 322 855 770 395

1,520 722 300 895 770 395

1,5201 700 300 {1,100 710 395

1,460 682 300 | 1,100 655

1,430 | 710 300 | 1,100 606 345

1,390 628 300 | 1,100 M5 345

1,320 520 300 | 1,170 600 345

1,30 600 345 }1,440! 543 345

1,260 628 345 | 1,560 545 345

1,220+ 600 | 345 [1,520 | 545 300

1,200 600{ 345 | 1,480 600 300

.| 1,000 300 | 1,480 | 928 300

1,07¢ 572 300 | 1,400 928 30¢

1,030 | 572 300 (1,820| 895 306

1,060 545 300 | 1,170 830 300

1,060 | 1,060 | 545 | 322 L,140| 770 255

1,960 1 1,100 495 395 9 710 255

2,020 | 1,130 ] 495 | 395 | 895| 655 255

1,940 | 1,130 | 495 495 | 830 655 255

1,900 | 1,100 445 655 770 655 255

1,850 { 1,070 445 655 710 655 255

1,760 [ 1,300 | 445| 655 | 655 600 255

1,640 | 1,070 445 | 600 | 600 255

1,520 | 9 445 » 545 545 | 545 256

1,620 950 445 572 655 545 210

1,560 985 445 520 { 1,030 495 210

1,560 928 395 495 | 1,030 495 210

1,600 862 370 495 960 495 170

1,600 830 3221 495| 895| 445 130

-1 1,560 345 495 445 130

....... 710 ] 345 {......|, 830 |....... 95

895 | 2,070 | 2,340 | 1,150 12| 805 | 291 152

295 | 2,430 | 2,250 | 1,160 | 12| 765 291 135

960 | 2,800 | 2,160 | 1,200 512 725 268 135

,100 | 37180 | 2,950 | 1,060 | 1,060 | 687 [ 246 135

1,240 | 3,360 | 2,250 | 1,060 | 1, 649 246 135
1,560 | 2,080 | 2,340.| 973 | 1,150 | 614
1,640 | 3,080-) 2,340 | 973 | 1,100 | 578
1,640 | 2,980 | 2,250 | 1,020 | 1,060 | 578
1,720 | 2,980 | 2,070 | 1,060 | 1,060 | 512
1,640 | 2,980 | 1,890 | 1,060 | 1,060 812
1,560 | 3,180 | 1,640 | 1,020 | 1,060 | 512
1,560 | 3,270 | 1,560 | 973 | 1,060 | 482
1,640 { 3,460 | 1,480 | 888 | 1,100 | 482
1,640 | 3,560 | 1,400 | 888 [ 1,100 | 451
2,340 | 3,560 | 1,400 | 805 | 1,100 | 451
2,430 | 3,360 | 1,400 | 805 | 1,060 451
2,430 | 3,360 | 1,480 | 805 | 1,060 f 451
2,340 | 3,360 | 1,480 | 765 | 1,100 | 422
2,250 | 3,360 { 1,340 | 765 [ 1,100 | 394
2,250 | 3,270 | 1,390 | 725 | 1,060 | 394
2,070 | 2,980 { 1,340 | 725 | 1,060 | 394
2,070 | 2,980 | 1,340 | 687 [ 1,020 | 368
1,800 | 2,980 | 1,240 | 649 | 1,060 | 368
1,800 | 3,080 | 1,240 | 614 [ 1,300 | 368
1,720 | 3,180 | 1,150 | 578 | 1,150 | 368
1,640 | 2,890 | 1,150 | 578 | 1,100 | 368
1,560 | 2,800 | 17100 | 545 | 1,060 | 368
1,480 | 2,610 | 1,060 | 545 1,020 341
1,320 | 2,430 [ 1,060 | 545 973 | 341
1,400 | 2610 | 1,060 | 512} 888 | 316

....... 1, eeeeaeol 1,100 s12 ... 20 L.
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Daily discharge, in second-feet, of St. Mary River below Swiftcurrent Creek, at

Mont., 1901-1902 and 1910-1915.
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Daily discharge, in second-feet, of St. Mary River below Swiftcurrent Creek, at Babb,
Mdnt., 1901-1902 and 1910-1915—Continued.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Avg. | Sept. | Oct. | Nov. | Dec.
132 150 980 | 1,920 | 1,480 764 531 672 610 340
132 180{ 1,230} 1,080 | 1,450 | 753} 10| 7RL) 620 320
132 150 | 1,740 1 1,990 | 1,40 742 490 857 650 290
132 150 | 1,700 | 2,160 | 1,530 737 480 743 750 260
1321 150 {1,500 | 2,210 { 1,640 { 32| 470 707 850 250
132 150 [ 1,410 2,330 | 1,720 | 722| 460 707| 950 250
132 185(1,400| 2,210 (1,780 ( 711 460| 707 974 240
132 185 | 1,450 | 2,000 | 1,680 701 461 700 825 235.
132 202 11,550 ) 1,820} 1,680 670 461 690 782 220
132 202 1,750 { 1,680 | 1,680 ] 630| 442| 680! 781 220
132 18511,650 | 1,560°| 1,500 | 590 | 433 | 680) 817 220
132| 185011,80 1,630 {1,500 560| 423| 650 817 210
132 260 11,740 ) 1,760 | 1,500 520 383 650 742 220
132 300 f 1,850 { 1,960 | 1,400 471 373 675 742 230
132 300 | 1,740 | 2,190 | 1,400 471 373 750 740 240
132 370 | 1,980 | 2,180 | 1,310 462 373 933 | . 670 240
132 460 | 2,340 | 2,180 | 1,310 508 384 972 600 230
132 515 12,350 | 2,300 | 1,300 872 444 1 1,050 568 220
132 5151 2,470 | 2,300 | 1,220 71 446 { 1,130 535 220
132 519 | 2,350 | 2,400 | 1,140 711 508 |1, 535 220
132 665 1 2,470 | 2,300 | 1,140 | 706 543 | 1,040 | 568 202
132 812 | 2,230 | 2,090 | 1,140 708 680 | 1,020 535 202
150 1 95712,230(1,900] "979{ 703 71511, © 480 202
150 994 1 2,290 | 1,810 975 698 719 928 440 190 -
185 994 | 2,290 | 1,810 975 680 719 820 410 185
185 | 99412,290{1,700 | 975| 650 719f 7i5| 390 175
132 957 | 2,180 | 1,590 975 628 653 73! 370 150
132 957 12,120 | 1,580 898 603 719 725 360 150
150 950 | 2,010 | 1,480 898 581 719 680 350 185
150 943 | 1, 1,480 896 561 719 630 340 185
ceveeed] 180 ool 1,870 (... 894 541 f....... 630 [....... 178
113 90| 1221,430 1,200 1,790 | 955
122 901 143[1,430{1,200 1,790 § 920
132 920 185 | 1,340 | 1,380 { 1,790 918
115 95| 204]1,270 | 1,480 | 1,780 | 918
115 90| 222|1,260| 1,580 | 1,680 | 8s3
132 90| 263]1,440) 1,580 1,680 | 882
90 1021 -295| 1,640 [ 1,580 | 1,580 847
102| 102| 303|1,740| 1,580 | 1,580 | 847
95 115 305 | 1,740 | 1,570 | 1,570 847
o5| 115| 305|1,750 | 1,570 | 1,570 | 812
95{ 102] 305(1,750 [ 1,370 | 1,470 | 812
95| 102| 350|1,750 (1,370 | 1,370 | 812
951 115) 400 1,650 | 1,370 | 1,280 | 812
92 90 455 11,750 1 1,290 { 1,190 812
90 90 483 11,860 | 1,370 | 1,100 811 cceenee
90 90 510 | 1,650 | 1,470 | 1,020 811 520 fiueieei]irnnnns cerenae
90 90| 510]1,540 | 1,480 [ 1,020} 779
90 90| 636]1,440 (1,670 | 1,020 779
920 102 639 | 1,340 | 1,670 991 779
90| 102 642 | 1,2 1,670 | 918 746 | 745 .ciiiieeenii]oecanoe
102 102) e42]|1,17011,570 | 920| 779| 685...c..)eeceifeennnn .
90| 102| 78211,070] 1,570 920 745
90| 115| 782 093 | 1,580 | 920 | 745
90 115 743 992 | 1,580 920 715
901 115} 776]1,070 [ 1,780 | 955] 685) 625 |.......|ccecnci|nceeen
90} 122] 74011,070 1,890 ] 993 685} BT0f....eiiiecceic]eccenen
90 122 740} 1,070 | 1,900 993 685 570 cnceeee
90} 102} 740 1,070 1,801,030 | 655
..... . 15) 84611,160|1,89011,030| 655
..... .l 15{1,170 | 1,020 | 1,790 | "994 | 655
..... el 102 il 993 [l 955 (U538 RPN I N (s

NoTte.—1901: Determinations of daily discharge for November and December revised slightly by making
rating curve for 1901 agree with curve for 1902 below gage height 0.50 foot.

902: Daily discharge for Januar

y, February, and March ascertained by applying open-channel ratin,

curve to observed gage heights; results may be somewhat high but the error is probably not great thoug



WATER SUPPLY OF ST. MARY AND MILK RIVERS, 1898-1917. 41

the discharge for February appears to be about 50 second-feet too large. Determinations of diseharge Sept.
22 to Oct. 18, 1902, have been revised as original computations were based on incorrect gage readings.

1910, Dec. 24-31; Ice present at gage but open-water rating ecurve assumed applicable.

1911: Stage-discharge relation affected by ice Jan. 1 to Mar. 3 and Dec. 26-31; mean discharge Mar. 1-3
estimated at 95 second-feet and Dec. 26-31 at 65 second-feet. See table of monthly discharge for estimates
for January and February. i

1912: Stage-discharge relation affected by ice Jan. 1 to Feb. 5; discharge estimated as follows—Jan. 1-12,
80 second-feet ; Jan. 13 to Feb. 5, 110 second-feet.

1913: Stage-discharge relation affected by ice Feb. 6-24; discharge estimated at 150 second-feet.

1914: Stage-discharge relation affected by ice Jan. 1 to Feb. 28; discharge estimated. Daily discharge
also estimated for following geriods, on account of unreliable gage readings due to disturbance of gagbez by
high water: May 2-7, June 8-16, June 22 to July 20, Aug. 1-16, Aug. 21 to Sept. 17, Oct. 8-15, 21-31, Nov.
1-6, 23-30, Dec. 1-9 and 24-26. » A

1915: Stage-discharge relation affected by ice Feb, 10-18; discharge estimated. Oct. 25, previously pub- .
lishedK {lis%}ﬁrge believed to be high and has been revised by comparison with stations near Babb and
near Kimball, .

Monthly discharge of St. Mary River below Swiftcurrent Creek, at Babb, Mont., 1901-1902 .

and 1910-1915.
[Dralnage area, 298 square miles.]
N Dlseﬁange in second-feet. Run-off.
Month. Per Depth in
Maximum. | Minimum. | Mean. | squar i&‘fa(;ig;‘ ;ﬁggﬁg’a
mile. area.
4.29 68,049
3.61 57,306 °
2.15 34,274
1.56 24,657
1.08 17,197
.85 13, 650
............ 215,133
.65 .75 11,867
.69 72 11,
.61 .70 11,129
.86 .96 15,292
.36 9.67 153,104
. 64 10.76 170, 955
.18 10.59 168, 202
. 66 4,22 67,010
64 1.83 29,
23 1.42 22, 566
............ 660, 638
.41 4,53 72,000
.21 6.92 110,000
.83 4.42 70,100
it 2.04 500
.40 1.56 24, 800
.46 3.99 63,
.15 2.40 38,100
.926 1.07 17,000
U IO 428,000
.520 .60 9,530
470 .49 7,780
~436 .50 7,990
1.20 1.34 21,300
5.64 6.50 103, 000
10.2 11.38 181,000
5.37 6.19 98, 400
2.78 3.20 50, 800
3.42 3.82 60,700
1.60 184 29, 400
.698 Nid 12,400
.334 .39 6,120,
2.72 37.02 583,000
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Monthly discharge of St. Mary River below Swiftcurrent Creek, at Babb, Mont., 1901-1902 -

WATER SUPPLY OF ST. MARY AND MILK RIVERS, 1898-1917.

and 1910-1915—Continued.

Month,

January.

P EYITVEY o N
February
March...

July...
August...... . .
September.............iaaia..
October. . ovvi it iiiiinanas
November. ....oooviiiiinnnniane..
December.....ooovvviiiiiiianan.

The Year . .ovuiiiiiennnannan

January.. . o.o.oiiiiiiiiiiiieia..
February....ooveeeenen. Ceaeans .

September
October.............. eeemeeenaas

January....o....oooiiiiiiiiaiiao
February ... ...ocooooiaiiiiiot
March. ...l e

Discharge in second-feet. l Run-off.
’ ' Per Depth in Total ir
; inches on otal in
Maximum. | Minimum. | Mean. sgglaée drainage | acre-feet.
N ) area.
98.4 0.330 0.38 6,050
99.7 .335 .36 5,730
75.9 .255 .29 4,678
374 1.26 1.41 22,300
1,590 5.34 6.16 97,800
1,990 6.68 7.45 118,000
1,480 4.90 5.65 89, 800
775 2.60 3.00 47,700
461 1.55 1.73 27,400
340 1.14 1.31 20,900 .
353 1.18 1.32 21,000
196 .658 .76 +12,100
653 2.19 29.82 473,000 |
122 35 86.0 . 289 .33 5,290
128 .430 .45 7,110
18 144 .483 .56 8,850
1,330 537 1.80 2.01 32,000
4,610 558 { 1,540 5.17 5.96 94,700
4,550 2,390 | 3,490 1.7 13.05 208, 000
2,910 1,140 | 1,750 5.87 6.77 108, 000
1,320 704 | 1,030 3.46 3.99 63,200
736 266 489 1.64 1.83 28,100
355 226 277 .930 1.07 17,000
345 240 289 ! 970 1.08 17,200
300 30 164 . b50 .63 10, 100
4,610 |.....oooo... 829 2.78 37.73 601,000
|
........................ 90 .302 .35 5,530
........................ 110 .369 .38 6,110
.463 .53 ) 480
1.62 1.81 800
6.38 7.36 117,000
6.54 7.30 116,000
4.40 5.07 80, 600
2.14 2.47 39,
1.77 1.98 31,400
2.68 3.09 49, 200
2.11 2.35 37,400
745 .86 13,600
2.47 33.55 533, 000
450 .52 8,240
.331 .34 5, 480
.346 .40 6,330
1.70 1.90 30,200
4.63 5.34 84, 800
5.27 5.88 93, 400
4.23 4.88 77,500
2.64 3.04 | 48, 500
lo2.24 2.50 | 39,700
.................... beeeeeiens 394, 150

Nore.—See footnote to tables of daily discharge for description of revisions and for periods estimated.
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Mean monthly discharge, in second-feet, of St. Mary River including Swiftcurrent Creek
’ al Babbe Mont., 1901-1902, 1910-1917.

! I
| ! Total

Year, Jan. | Feb. | Mar. | Apr. | May.| June.| July.| Aug. |Sept.| Oct. | Nov.| Dee.|[inaere-

! |

_ | |
B 3153 SRR PR Y M S A NP 1,910 9321 5761 40 289 222 215,000
1902, ... .. 206 | 181 257| 2,490 2,870; 2,740{ 1,000; 488, d367 ..._........ <G61,000
910 .. 17910 17850] 1,140 5280 416/ 1,080 641l 376" | es28) 000
1911 R 7146 | 130 358 1, 3,040 1,6001 827 1,0200 478 208 99.5| 583,000
912, ... 99.7| 75.9 374 1,590] 1,990] 1,460{ 775 "46F 340 353{ 196 | 473,009
1913 ... 128 | 144 537] 1,540 3,490} 1,750| 1,030 489' 277, 289! 164 | 601,000
)10 ¢ S, 7110 | 138 484} 1, 1,950 1,310t €391 527 800 629 22 | 533,000
915, 98.6] 103 508( 1,380 1,570[ 1,260] 788 667, 498  409| 200 [ 394,000
1916 ....... 156 | 349 4854 1,2701 3,200| 2,840] 1,050( 900! 305, 209} 137 | 673,000
017 80.1) 80.0] 127| 1,640( 3,390} 2,110{ '700; 391 298 199} 118 | 559,000
Average........... 120 | 127 | 150 301} 1,710 2,600 1,810{ 836 504 479! 358] 182 | 546,000
Median...... .. 104 {119 | 134 429 1,640 2,870 1,680} 808 508 384 289| 196 | 559,000
Maximum..._.....| 193 | 205 | 349 537| 2,490f 3,490 2,810 1,090} 1,020, 1,030 641 276 | 673,000
Minimum......... 86 80.1 75.9] 127 1,270] 1,570; 1,140 528 391i 217 199, 99.5] 394,000

a See note. ¢ Not included in average. £ May 13-31.
b July 14-31. d Oct, 1-18. 7 Estimatd.

NoTte.—1901-1902 and 1910 to Sept. 30, 1915, diseharge obtained from records of St. Mary River below
Swiftcurrent Creek at Babb. ©On Oct. 1, 1915, Swiftcurrent Creek was diverted into St. Mary Lake, and
from that date on the records on St. Mary River near Babb were tised. The run-off at the two points is
nearly identical, Duck Creek being the only tributary between. In computing means for the period of
record the means for the three partial months were considered the means for full months. The median -
flow given was obtained by arranging the monthly means in their order of magsitude and taking th:-
middie mean, or, if their number was even, the average of the two middle means. By using daily dis-
charge a sormewhat lower median discharge would be obtained.

ST. MARY RIVER AT COOK’S RANCH, ALTA., NEAR INTERNATIONAL BOUNDARY,

Locariox.—In SE. { sec. 6, T. 1 N., R. 25 W. fourth meridian, at Cook's ranch,
half a mile north of the international boundary, about a mile below the mouth
of Boundary Creek, and 17 miles southeast of Cardston, Alta., Canada.

DRrAINAGE AREA.—452 square miles.

Recorps AvarLaBLE.—September 4, 1902, to December 31, 1912. The station was
then moved to a point near Kimball, about 8 miles downstream, and a joing
international station was established. The discharge at the two peints is prac-
tically the same.

GagE.—An overhanging chain gage fastened to a tree on the left bank, a quarter of
a mile below Cook’s house. From September 4, 1902, to June, 1908, an ovex-
hanging gage about one-fourth mile upstream was read; this gage was washed out

by the flood in June, 1908, and replaced July 27, 1908, at the new site.

DiscHArRGE MEASUREMENTS.—Made from a cable one-fourth mile above gage.

CHANNEL AND cONTROL.—Bed of stream is composed of gravel of medium size.
Rapids just below gage; current swift at practically all stages. The banks not
subject to overflow except during extreme floods, but the left bank is gently
sloping, so that the stream is probably 200 to 300 feet wider at high than at low
stages.

EXTREMES OF DISCHARGE.—Maximum stage recorded, 12.75 feet June 5, 1908 (dis-
charge, estimated by comparison with record forstation near Babb, 18,000 secend-
feet); minimum stage recorded November 19, 1904 (discharge by current-meter
measurement 96 second-feet). Lower stages probably occurred during the
winter months for which records of daily discharge are not available. (See
hydrograph, P1. I11.)

Ice.—Stage-discharge relation seriously affected by ice during winter months.

DiversoN.—None during the period of this record.

RecuraTioNn.—None.
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Accuracy.—Stage-discharge relation not permanent; affected by shifting control and

ice. Records for 1909 do not agree with records obtained by Canada at Kimball,
being from 10 to 37 per cent lower. They also appear low when compared with
combined flow of St. Mary River above Swiftcurrent Creek and Swiftcurrent
Creek; but current-meter measurements by W. A. Lamb made at Kimball, Alta.,
are much lower than theresults obtained by Canada. Recordsat all four stations
for 1909 should be used with caution. Records for October, November, and
December, 1903, and June to November, 1904, appear low when compared with
the combined flow of St. Mary River above Swiftcurrent Creek and Swiftcurrent
Creek. It is impossible to determine where the error lies, but as it is not very

.great it was thought best to base computations of the run-off at each station on

the data obtained at that station. Considered as a whole the record is fair.

Discharge measurements of St. Mary Rwer at Coolk’s ranch, Alta., near international

boundary, 1902-1912.

Ga Dis- |, Gage | Dis-
Date. Made by— height. | charge. i Date. Made by— height. | charge.
1902, Feet. | Sec.-ft. 1908, Feet. | Secft.
(0220 § N DN 3.90 501 {| Apr. 18 { A.F, Huch............ 4. 40 77
b 21 N 3.65 387 || Aug. 26 | Stewartand Huch.....| 2.58 691
Oct. 7|A.F.Huch............ 1.83 425
1903.
May 11 4.76 1,131 1909. .
11 4.76 1,085 || June 14 | W. A. Lamb 6.15 4,350
11 4.76 1,125 || July 8 |..... do -t 5,20 3,020
June 5 7.05 | 5,953 || Sept. 16 | J. K. S | a7 527
23 6. 556 4,406 || Oct, 14 | W, 1.18 387
Aug. 3 5. 20
Oct. 5 4.80
2.85| 1,240
1904. o 4.15] 2,450
May 10 [ L. R. Stockman....... 4. 88 . E. McChristie.. 3.90 2,220
June 9| W.B.Freeman........ 6. 02 3,288 24 | W. A. Lamb._.. 3.32 1,
July 12 | Robert Follansbee.....[ 5.60 2,468 || July 31 | M. E. McChristie.. 1,98 793
30 | W.B.Freeman........ 4. 82 do........ ..l 1.06 374
Sept. 3 {..... do...ia.. .4 4.03 E.Jones. . 193 700
Nov. 19 | L. R, Stockman........ 2.45 . A. Lamb 1.90 698
.E.Jones............lililals 134
1905.
Apr. 27 |.....do..... 4,40
May 30 A osn 2.87 1 1,240
June 17 5.60 2.87 1,280
July 19 4.96 5261 3,260
Aug. 12 4.59 5.14 3,220
Sept. 5 3.7 5.47 3,610
25 3.53 3.02 1,610
Nov. 17| W.B, Freeman........| 3.30 1.75 . 698
1.64 610
1906. 33 223
Apr. 1| Freemanand Edson...} 2.90
May 12 | W.B. Freeman........ 5.10
Aug. 20 [..... L (0 A, 4.29 1.80 675
Sept. 13 | Richardsand Hartman.| 4.13 do......... 3.45 1,870
30 { R, R, Randell.... 3.80 2.090
1907. Aug .16 | W, A, Lamb. .. 2.00 786
May 15 | J. E. Stewart.a......... 5.35 1,840 || Sept. 19 |.enea@0nceeiieiaoil. 1.40 529
June 71 7. B, Pierson,. 6. 68 4,560
July 2 ... 16 o TR 6. 68 4,700
Aug. 8 [..... IS s S 5.1 1, 560
Bept. 7 | Follansbee and Pierson| 4.88 1,240

NOTE.—1906: May 12, meter probably not in good erder, giving results too low.

1909: June 14 and July 8, measurements made from highway bridge at Kimball, 8 miles below gage; dis-
charge of A. R. and I. canal at Kimball measured separately and included in total discharge.

1910: Dec. 29, stage-discharge relation affected by ice.

1911: Dec. 7, no ice at gage or control.
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Daily discharge, in second-feet, of St. Mary River at Cook’s ranch, Alta., near international
boundary, 1902-1912. -

Day. Sept.| Oct. | Nov. Day. « [8ept.| Oct.| Nov, Day. Sept. | Oct. | Nov,

2iees 595 | 575 306 575 487 410 515
R, 747 608 325 575 515 385

L T 747 } 575 325 575 | 575 385 365
5wl 710 | 515 325 198 | 545 365 365

g BEBER

640 | 515 306 575 | b45 385 . 325 271
640 | 515 325 575 | 545 385 325 174
640 | 515 365 575 | 515 365 325 225
640 | 515 385 575 | 515 385 306 365
306 [.veaue
Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
4,855 | 1,900 | 1,008 | 1,687 | 575 607
4,325 | 1,900 960 | 1,490 545
4,080 | 1,755 900 | 1,370 460 675
3.835 [ 1,687 | 870 | 1,815 | 460 675
3,835 | 1,490 870 { 1,260 515 607
3,955 | 1,490 900 | 1,208 545 575
3,955 | 1,490 | 900 | 1,055 | 545 575
3,605 | 1,430 900 | 1,055 827 575
3,380 | 1,430 960 870 870 545
3,272 | 1,555 | 1,008 870 675 460
3,165 | 1,525 | 960 | 960 | 640 | _ 385
3,060 | 1,490 960 900 607 385
2,955 11,370 | 900| 870! 545 365
2,955 | 1,430 827 870 545 365
2,855 | 1,370 785 900 435 385
2,475 | 1,315 747 900 365 410
2,565 | 1,315 710 930 365 435
2,475 | 1,260 710 960 365 385
2,385 | 1,260 710 827 365 410
2,300 | 1,208 47 785 385 410
2,215 | 1,208 827 747 575 400
2,300 | 1,155 | 1,105 785 875 385
2,2151 1,155 | 1,208 747 545 365
2,475 | 1,260 | 1,315 | 747 | 515 345
2,475 | 1,260 | 1,620 | 675} 545 365
2,385 | 1,490 | 2,300 | 640 | 515 365
2,215 | 1,430 2,;3“]; 640 | 575 325
2,185 | 1,370 | 1, 607 | 487 288
2,055 | 1,260 | 1,832 | 607! 515 288
. 1,900 | 1,155 | 1,687 575 575 306
) PO PR P PP S 2,660 f....... 1,987 | 1,105 [....... 575 Joueenan 288
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Daily discharge, tn second-feet, of St. Mary River at Cook’s ranch, Alta, near international .
boundary, 1902-1912—Continued.

Day. Jan. | Feb. | Mar. | Abr. | May. | June. | July. | Aug. | Sepi. | Oct. | Nov. | Dec.
1,75 § 2,990 | 2,470 { 1,160 | 60| 22| 10| 140
1,828 | 3,020 { 2,580 | 1,160 608 272 150 140
1,755 1 3,050 { 2,580 { 1,160 575 272 150 140
1,755 {3,080 | 2470 | 1,110] 575 288 | 140] 170
1,555 { 3,110 | 2,470 | 1,110 575 288 130 170
1,490 13,380 | 2,470 | 1, 10| 545! 288 1| 150
1,490 {3,900 | 2470 | 1,160] 515| 288 | 110 150
1,430 } 3,640 | 2,690 | 1,160 515 272 115 150
1,370 | 3,380 | 2,580 | 1,220 515 272 120 190
1,200 13,140 | 2,470 | 1,160 | 460| 255( 120( 190
1,370 | 2,910 | 2,370 | 1,110 460 255 110 210
1,430} 2,800 | 2,370 { 1,060 460 242 110 242
1,370 | 2,470 | 2,090 960 460 242 110 190
1,430 | 2,370 | 2,090 960 388 230 110 160
1,490 | 2,370 | 2,000 915 388 220 110 170
1,555 | 2,690 | 2,000 915 388 210 110 170
1,688 13,140 | 1,840 { 870 | 388 | 210{ ilo{ 180
1,828 | 3380 | 1,700| 80| 345 20| 110{ 19
20055 | 3,380 | 1,560 | 9601 345| 210 10| 190
2,135 | 3,380 | 1,440 960 325 200 110 190
2,300 3,380 | 1,380 | 960'| 325| 190| 10| 150
2,955 | 3,140 | 1,320 915 325 180 140 150
3,165 3,140 { 1,320 | 87| 2308| 180{ 150 130
3,273 | 2,800 | 1,320 710 345 170 150 150
8,165 | 2,690 | 1,320 710 325 170 150 150
2,755 | 2,370 | 1,320 640 325 160 150 150
2,565 | 2,270 | 1,320 575 306 160 150 150
2,385 | 2,270 | 1,270 608 306 160 150 150
2,565 | 2,180 | 1,270 640 288 160 150 150
2,660 | 2,270 | 1,220 | 575| 288] 160 15| 150
2855 | 20| 640 190 f.......] 150

710 | 1,987 | 1,987
675 | 2300 | 1,987
675 | 2,660 | 1,987
640 | 2,955 | 1,900

3165 | 1,987
640 | 3,165 | 1,987
640 | 3,272 | 1,900
87 | 3165 | 1,900
1, 2,955 | 1,900
1,155 | 2,755 | 1,087
1,105 | 2,755 | 1,987
1,105 | 2,755 | 1,900
1,055 | 2,865 | 1,900
1,055 | 2,855 | 1,755
1,055 | 2,660 | 1,687
960 | 2,565 | 1,555
1,008 | 2,385 | 1,555
1,105 | 2,215 | 1,490
1,260 | 2,135 | 1,370
1,490 | 1,987 | 1315
1,900 | 1,987 | 1,315
1,987 | 2300 | 1,315
1,900 | 2,215 | 1,315
1,687 | 2,055 | 1,315
1,620 | 1,987 | 1,370
1,620 | 2,135 | 1,870
1,555 | 1,987 | 1,430
1,555 | 1,900 | 1,430
1,620 | 1,832 | 1,370
1,620 | 1,000 | 1,315
1,755 |..0....] 1,315
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Dasly discharge, tn second-feet, of St. Mary River at Cook’s ranch, Alta., near international
boundary, 1902-1912—Continued. . .

Day. Jan. | Feb, | Mar. | Apr. | May. { June.{ July. | Aug. { Sept. | Oct. | Nov. | Dec.
1,055 } 2,135 } 2,135 | 1,105 | 1,008 | 410 | 1,260 607
1,105 | 2,260 | 2,055 960 | 1,008 435 | 1,160 607
1,155 | 2,385 | 2,055 960 900 487 £ 1,060 576
1,155 [ 2,475 12,135 | 900} 900| 575f 960 545
1,155 | 2,660 | 3,215 870 870 640 960 515
1,155 } 2,660 | 2,215 785 827 675 900 515
1,105 1 2,565 § 2,215 f 7471 7851 6751 870 460
1,105 1 2,300 [ 2,215} 747 85| 640] 827 410
1,155 1 2,300 | 2,385 710 785 607 785 435
1,208 | 2,300 | 2,385 710 747 785 410
1,260 | 2,300 | 2,385 710 710 640 785 365
1,490 1 2,660 | 2,385 747 675 640 960 345
1,620 1 2,612} 2,385 85] 675{ 640 } 1,060 325
1,832 | 2,565 | 2,055 | 827 | 607 640 1,160 288
1,987 | 2,385 | 1,987 870 578 640 | 1,560 271
1,900 1 2,385 | 1,000 | 870! 545 640 1,560 35
1,900 | 2,215 | 1,755 848 515 640 | 1,620 255
1,620 | 2,300 | 1,832 827 487 640 | 1,620 255
1,555 £ 2,055 1 1,755 | 827 | 460 675]1,62 255
1,555 | 1,987 | 1,687 785 460 710 § 1,370 271
1,490 | 1,832 | 1,555 | 827 460] 675 1,430 271
1,555 | 1,987 | 1,490 960 460 640 | 1,320 288
1,555 | 2,135 | 1,430 | 1,065 460 640 { 1,260 366
1,620 | 1,900 | 1,430 | 1,208 | 487 | 640 |1,160 306
1,654 [ 1,832 | 1,370 { 1,430 487 640 | 1,010 325
1,687 12,066 11,342 11,370 487 960 960 325
1,687 | 2,300 | 1,315 | 1,315 460 | 1,210 870 306
1,755 | 3,475 | 1,208 | 1,260 410} 1,490 827 288
1,832 12,215 1,105 | 1,155 410 1 1,490 710 255
1,832 | 2,300 ) 1,105 | 1,105 | 38511,420| 675 255
1,900 [....... 1,105 | 1,855 |....... 1, PO 255
590 | 3,620 | 4,820 | 2,010} 1,330 | 1,040 365 240
590 | 4,200 | 4,700 | 1,930 | 1,330 | 1,040 345 240

620 | 4,450 | 4,570 | 1,780 | 1,230 950 345 240
620 | 4,200 1 4,450 | 1,780 | 1,230 870 345 225
620 [ 3,960 | 4,456 | 1,710 | 1,230 830 325 218
652 | 4,330 | 3,960 | 1,640 ! 1,230 | 830! 325 211
870 | 4,700 | 3,720 | 1,640 | 1,230 792 306 211
952 | 4,830 | 3,490 | 1,570 | 1,180 | 792 288 198
995 (4,700 | 3,260 | 1,540 | 1,085 | 755 271 198
1,230 | 4,200 | 3,260 | 1,510 | 1,130 755 255 174
1,450 | 3,960 | 3,260 | 1,450 | 1,150 | 720 | 255 153
1,710 | 3,840 | 3,040 { 1,450 | 1,160 685 247 153
,780 | 3,720 | 3,260 | 1,390 | 1,180 | 668 | 240 153
1,855 | 3,600 | 3,150 | 1,330 | 1,180 | 652 ] 240 134
2,010 | 3,490 | 3,040 1,280 | 1,180 652 225 132
2,630 | 3,370 | 2,930 | 1,280 | 1,230 | 560 211 130
3,040 | 3,260 | 2,830 | 1,180 | 1,280 560 211 130
3,490 { 3,260 | 2,830 | 1,130 11,330 | 532 ] 198 130
3,370 | 3,370 | 2,730 995 1,280 532 198 130
3, 3,490 | 2,630 | 952 ) 1,280 505 198 130
3,040 | 4,420 | 2,630 952 | 1,230 505 186 125
3,040 | 5,350 | 2,730 910 | 1,230 480 174 125
2,730 | 5,620 | 2,630 830 { 1,230 480 174 125
2,440 | 4,830 | 2,530 | 910 | 1,230 174 125
s 4,570 | 2,480 995 | 1,230 455 174 125
2,200 | 4,450 | 2,440 | 952 {1,180 { 455 198 120
2,090 | 4,830 | 2,260 | 995 1,180 432{ 198 128
2,000 ( 4,960 { 2,350 | 1,280 { 1,180 | 410{ 2I1 120
2,000 | 5,220 | 2,090 | 1,280 [ 1,180 | 410} 211 120
2,440 | 4,960 | 2,090 | 1,390 | 1,085 387 225 129
3l...... (AP N P veecdoveniedueien i 3,040 0L 2,010 | 1,330 l.......] 3651l....... 120



48 WATER SUPPLY OF ST. MARY AND MILK RIVERS, 1898-1917.

Dasly discharge, in sccond-feet, of St. Mary River at Cook’s ranch, Alta., near international
boundary, 1902-1912—Continued.

P Y

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July.{ Aug. ' Sept.| Oct. | Nov. | Dec.
580 | 1,180 475 440 458 510
580 | 1,100 458 425 458 545
750 | 1,100 458 425 475 545
800 | 1,040 458 425 475 564
000 | 1;006 458 418 475 564

, 050 975 449 410
, 000 948 440 410
, 800 920 440 410
, 800 895 440 495
,850 882 440 380
, 850 870 440 380
7850 | 848 1 440 | 365
, 800 8251 458 389
7000 | 780 | 475 | 528
1850 | 760 | 475 | 601
,000 | 700, 492 | 640
,800 640 | 510 640
, 800 640 | 510 660
750 | 640 i 492 | 620
(550 | 620 . 475 | 545
450 | 740 | 475

7350 | 660 | 475

7350 | 740 | 475

, 350 700 475
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Daily discharge, tn second-feet, of St. Mary Rwer at Cook’s ranch; Alta., near international
boundary, 1902-1912—Continued.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
1,640 | 803 | 394
1,600 | 777 | 374
1, 560 777 394
1,530 726 374
1,450 726 374
1,420 701 374
1,310 | 677 | 304
1,310] 701 | 374
1,280 701 394
1,210 | 677 | 374

677 374
653 380

387
653 394
630 374

an
88

920
130 1 561 | 606
760 1,120 | 539 | 539
880 1,120 | 517 | 630
840 1,060 | 496 | 751
300 1,09 | 475 | 768
770 1,060 | 434 785
810 1,060 | 374 803
,860 1,030 | 374 | 830
960 040 | 355 857
960 ol2 | 374| 857
960 830 | 394 | 912
960 830 | 374 | 884
9 803 | 394 |.......
2,470 | 1,190 | 1,440 | 992 | 398 | - 310

1,990 {1,100 | 1,370 | 741 | 351 217
1,930 | 1,100 | 1,200 | 766 | 344 | 202
1,930 | 1,100 [ 1,200 | 741 | 308 | 217
1,700 | 1,100 | 1,230 | 711| 280 | 217
1,700 { 1,100 | 1,230 | 663 | 240 226
16407 1,100 [ 1,160 | 639 210 226
1,580 | 1,150 | 1,160 { 615 200 | 217
1,580 | 1,150 | 1,220 | 615 210| 202
1,580 [ 1,150 [ 1,220 | 570 | 240 190
1,580 | 1,070 | 1,200 | 570 | 280 190
1,580 | 1,070 { 1,220 | 539 | 347 190
1,580 | 1,070 | 1,160 | 517 387 | 180
1,580 [ 1,010 | 1,210 | 517] 426| 180
1)580 | ‘952 | 1,210 | 517 ] 46| 170
1,580 | 830 | 1,210 | 496 | 438| 170
1)500 | 830 [ 1,280 [ 496 | 418{ 170
1,500 | 830 | 1,350 | 487 | 418| 160
19350 | 830 |1,280 | 487 | 4i8| 160
1,350 | 746 | 1,230 | 467 | 308 | 160

1,270 | 825|100 | 418 340| 120
1,190 | 1,740 [ 1,020 | 418 325 110
1190 740 L. 3881l 100
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Daily discharge, in second-feet, of St. Mary River at Cook’s ranch, Alta., near international
boundary, 1902-1912—Continued.

1
Day. ’Jan. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
1912. 1
1. ( i 801 | 2,430 | 2,160 | 1,190} 561
2. 801 | 2,250 | 2,070 | 1,220 | 561
3 801 2,160 | 1,900 | 1,260 | 561
4. 801 | 2,160 | 1,820 | 1,190 | 522
5... i 8012070 | 1,740 | 1,190 | 522
6... 801 | 1,980 1,650 | 1,190 | 522
7. 801 1,820 | 1,650 | 1,190 | 522
8. 918 | 1,980 | 1,650 | 1,120 561
i 982 | 2,160 | 1,650 | 1,050 | 561
2,

450 | 2,280 | 1,420 so1 | 522
'480 | 2,340 | 1,820 | 748 | 486
1080 | 2, 1,820 | 748 | 486
1000 | 2,430 | 17720 | 748 | 469
1800 | 2,520 | 1,620 | 608 | 452
1800 | 2,480 | 1,520 | 650 | 452
7000 | 2,430 | 1,420 | 650 | 436
1080 | 2,340 | 1,340 | 627 | 419
900 | 2,250 | 1,340 | 604 | 419
1610 | 2,160 | 1,190 | 561 | 404
1520 1,190 | 561 |.......

Note.—Stage-dischargerelation affected by ice as follews: Dec. 1-31, 1802; Jan. 1 to Apr, 12, 1903; Feb.
5to Apr. 10, 1904; Jan. 1 tc Mar. 4, and Dec. 1-31, 1905; Jan. 1 to Mar. 31, 1906, 1907, and 1908; Dec, 9-31, 1908
Jan. 1to Apr. 22,and Nov. 21 to Dec. 31, 1909; Jan. 1 to Mar. 13, 1910; Jan. 1 to Mar. 31, Nov. 10-16, and
Dec. 16-31, 1911; Jan. Ito Apr. 2, and Dec. 12-31, 1912; discharge estimated for these ods as follows:
Mar. 1-4, 1905, 171second-feet; Mar. 1-13, 1910, 180second-feet; Dec. 12-31, 1912, 210 second-feet, Discharge
for the following periods was not estimated: Dec. 1-31, 1902; Jan. 1to A}lar. 12, 1903; Jan. I to Mar. 31, and
Dec. 9-31, 1909. For estimates of flow for other periods see tables of daily and monthly discharge.

Determination crizinally published for Dec. 1-31, 1902, and Jan. 1to Apr. 12, 1903, cbhtained by egfplyigg
anopen-channelrating table; theseresults have been discarded and the mean monthly discharge estimat:
from therecerds of flow of St. Mary River above Swiftcurrent Creek and Swiftcurrent Creek near Babb.

The mean flow Apr. 1-12, 1903, was estimated at 200 second-feet. Jan. 1 to Feb. 4, 1904, and Dec. 9-31,
1906, ice present at gage, but open-channel rating curve assumed applicable.

June 1, 1904, to Apr. 30, 1905, daily discharge recomputed.

Dec. 14-31, 1907, gage heights missing and daily discharge estimated. Gage and cable washed out by
high water June 5, and replaced July 27, 1908; determinations of discharge for this period based on results
at Babb. No gage heights reported Apr. 28-30, Aug. 1 to Sept. 17, and Sept. 26 to Oct. 13, 1909; estimates
for these periods not made.

Monthly discharge of St. Mary River at Cook’s ranch, Alta., near international bound-
ary, 1902-1912.

[Drainage area, 452 square miles.}

Discharge in second-feet. Run-off.
Month. Per _Degth in Total i
Maximum. | Minimum, | Mean. | square 13;’&;223 atre toot.
mile. area.
September 1.34 1.50 35,940
October..........coocounnnn .. . 1.06 1.22 29,330
. November ! .76 .85 20,350
December......cce.voininnnienn.. . .44 .51 12,298

The period ! feeeernennaesannannnn [orosnamnnees 97,918
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Monthiy discharge of St. Mary River at Cook’s ranch, Alta., near international bound-

ary, 1902-1912—Continued.

|

Discharge in second-feet. Run-off.
Month. Per Depth in
s . inches on Total in
Maximum. | Minimum. {; Mean. s&tﬁaére drainage | acre-feet.
. area.
[
1903.

January....ceeeenn... e 165 0.365 0.42 10,145
140 .310 .32 7,775
120 . 265 .31 7,379
568 1.26 1.41 33,798
1,726 3.82 4.40 106, 066
5,200 11.50 12.82 309,421
2,924 6.47 7.46 . 179,790
1,404 3.11 3.59 86,329
1,109 2.45 2.73 65,990
917 2.03 2.34 56, 384
535 1.18 1.32 31,835
: 438 .97 1.12 26,931
THE JEAL. cennneneennanannns 6,175 |uueennnies Joon,213) 2.8 38.24 921,843

1904. :
kL3 (10E:) o R, 288 174 224 .50 .58 13,800
200 .4 .48 11, 500
200 .44 .51 12,300
724 1.60 1.78 43,100
2,022 4.47 - 5.15 124,000
2,940 6.50 7.25 175,000
1,900 4.20 4.84 117,000
933 2.06 2.38 57,400
420 .929 1.04 25,000
221 .489 .56 13, 600
130 .288 .32 7,740

303 670 97 10,

841 1.86 25.31 611,000
90 .199 .229 5,534
75 .166 173 4,165
188 .416 .48 11, 560
304 .673 .75 18,000
1,215 2.69 3.10 74,710
2,461 5.4 6,07 146, 500
1,642 3.63 4.18 101, 030
847 1.87 2.16 52,080
371 .821 916 , 080
772 171 .197 47,470
208 . 659 735 17,730
240 .531 612 14,760
712 158 21. 38 515,679
January........o..oiiiiiieineeac oo 100 .221 .25 8,150
RV 771 o ORI PO FOUS 95 . 210 .22 5, 280
B R RN R IR 1251 © .27 .32 7, 650
April. .. 1,100 160 481 1.06 1.18 28,600
Y e tia e aasaaanaaas 1,990 1,060 1,500 3.32 3.83 92, 200
June. . ... 2, 660 . 1,820 2,280 5.04 5.62 136, 000
July. ..o iiiiiiiiiiaei 2,380 , 100 1,830 4.05 4,87 113,000
AUGUSE - ool 1,430 710 946 2.09 2.4 58, 200
September. ....................... 1,010 385 628 1.39 1.55 37,400
October. ... .. eeiieiiiiiiiiiiaan. 1,490 410 756 1.67 1.92 46, 500
NOVember. ... oeeeneosaaans 1,620 675 1,100 2.43 2.71 65, 500
December. .. ...ociiiiiiiiiiaa.. 607 255 359 794 .92 22,100
Theyear. ....c.ocoeveenann. 2,660 |... ... ... 850 1.88 25. 60 619,600
150 .332 .38 9,220
200 . 443 .46 13, 100
260 L5756 .66 16,000
489 1.08 1.20 29, 106
1,930 4.27 4.92 119, 000
4,260 9.42 10. 51 253, 000
3,120 6.90 7.96 192, 00O
1,330 2.94 3.39 81, 800
1,210 2.68 2.99 72, 000
567 125 144 34,900
244 . 542 .60 14, 500
157 .347 .40 9, 650
1,170 2.5 31.01 842, 000
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Monthly discharge of St. Mary River at Cook’s ranck, Alta., near international bound-

ary, 1902-1912—Continued.

Discharge in second-feet. Run-off.
Month. Per Delp;th in Total
. . inches on otal in
Maximum.{ Minimum. | Mean. sgﬁlage drainage | acre-feet.
area.
.

........................ 105 0.232 0.27 6, 460
200 442 .48 11, 500
330 . 730 .84 20, 300
1,860 225 844 1.87 2,09 ), 200
3,720 1,340 2,490 5.51 6.35 153,000
18, 000 , 700 6,390 .1 15.73 380, 000
3,050 1,180 2, 490 5.51 6.35 153, 000
1,180 528 783 1.74 2.01 48,300
510 425 462 1.02 114 27, 50
660 365 485 1.07 1.23 29,800
528 410 472 1.04 1.16 28, 100
........................ 200 . 442 .51 12,300
........................ 1,270 2.81 38.16 920, 000

1909.

1910.

Octob
November
December.

1911,

Julyeeeeoionone
August,..
September.....
October........
November.....
December......

The year....

1912.

January..
February...
March......

150 .332 .38 9,220

160 .354 .37 8,800

5% | L17 1.35 32, 600

1,190 |  2.63 2.93 70,800

2,320 | 513 5.91 143, 000

2,240 | 4.96 5.53 133, 000

L0 | 259 2.99 71, 900

580 | 1.28 1.48 35, 700

553 1.22 1.36 32,900

1,040 | 230 2.65 64,000

742 | 1.64 1.83 44,200

............ 203 .648 .75 18,000
........................ 7| 203 27.52 664, 000
........................ 170 .376 .43 10, 500
150 .332 .35 8, 330

145 .321 .37 8 920

478 | 1.08 1.18 28, 400

2,040 | 4.51 5.20 125, 000

5470 | 7.68 8.57 206, 000

1,680 | 3.72 4,29 103,000

1,050 | 232 2.68 64, 600

1,20 | 279 311 75, 000

621 1.37 1.58 38, 200

............ 316 .765 .85 20,600
............ 195 .431 .50 12] 000
3,890 | ooooiian. 98 | 214 20,11 701, 000
130 .288 .33 7,990

120 . 265 -29 6,900

110 . 243 .28 6,760

52|  1.20 1.34 32,300

2,030 | 4.49 5.18 125, 000

2350 | 520 5.80 140, 000

1,580 | 3.50 4.04 97,200

887 1.96 2.2 54) 500

524 1.16 1.29 31, 200

423 .936 1.08 26, 000

432 . 956 1.07 25, 700

249 - 551 .64 15, 300

783 | 1.73 23.60 569, 000

NorE.—See footnote to daily discharge table for

riods when stage-discharge relation was afle¢ted by

jeeand discharge estimated and for periods for which the published discharge has beenrevised, Published
saonthly mean May, 1903, revised slightly to correct for error in addition,
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: ST. MARY RIVER NEAR KIMBALL, ALTA., NEAR INTERNATIONAL BOUNDARY.

Locartron.—In the SW, Isec. 25, T. 1, R. 25 W. fourth meridian, about 1 mile south-
west of Kimball post office, 1 mile southwest of the head gates and dam of the
Alberta Railway & Irrigation Co.’s canal, and 14 miles southeast of Cardston,
Alta, (See Pl II, B.)

DrAINAGE AREA.—472 square miles.

RECORDS AVAILABLE.s—April 13, 1908, to December 31, 1917.

History.—Station was originally established in 1905, by the Alberta Railway & Irri-
gation Co., in the SW. }sec. 25, T. 1, R. 256 W. of the fourth meridian, about half
a mile above the company’s head gates. It was taken over by the Irrigation
Branch, Department of the Interior, Canada, in April, 1908.

Owing to lack of sufficient measurements and to the great changesin the channel
and control caused by the flood of June, 1908, it has been found impossible to
determine the discharge of the stream previous to June 21, 1908, although the gage
heights are available for the intervening period.

The United States Geological Survey maintained a station on the St. Mary a
short distance north of the international boundary, for which records of flow are
available from 1902 to 1912 and are included in this report under the heading “St.
Mary River at Cook’s ranch, near international boundary.”

In 1912 it was decided to combine these stations, provide the best possible
equipment, and maintain and operate them jointly. A site was selected and a
concrete gage house, equipped with a Stevens continuous water-stage recorder,
was installed. This new station was used until the fall of 1916, when the forma-
tion of gravel bars made it necessary to remove the equipment to a new site
about half a mile farther up stream. A new cable station was erected above the
new gage house and measurements have been made from it during the season of
1917,

Gage.—Stevens water-stage recorder in frame shelter over concrete well, with vertical
staff gages inside and outside well; winter readings obtained from a chain gage
attached to a traffic bridge in SW. £ sec. 1, T. 2, R. 256 W. fourth meridian.
From 1908 to 1912 gage used was a staff in the NE. 1 sec. 25, T. 1, R. 25 W.
fourth meridian; from 1913 to 1916 the water stage recorder was in the NW. % sec.
25, T. 1, R. 25 W. fourth meridian, Observer for all gages, J. M. Dunn.

DiscHARGE MEASUREMENTS.—Open-water measurements made from cable 1,500 feet
above gage; winter measurements made from traffic bridge to which chain gage
is attached.

'CHANNEL AND cONTROL.—Banks high and rocky; not subject to overflow. Bed com-
posed of gravel and rock. Control formed by a ledge of rock immediately below
gage shelter; at high stages a gravel bar forms part of the control. Stage dis-
charge relation permanent at low stages; likely to shift somewhat at flood stages,

EXTREMES OF DISCHARGE.—1908-1917: Maximum stage recorded, 114 feet June 5,
1908 (discharge not determined); stage of 7.80 feet recorded Jume 22, 1916 (dis-
charge, 8,620 second-feet); minimum stage, 5.42 feet February 5, 1914 (discharge,
70 second-feet). (See hydrograph, Pl. IV.)

1ce.—8tage-discharge relation affected by ice during winter.

Diversions.—Water is diverted by the United States Reclamation Service at a point
near Babb, Mont., from St, Mary River to the North Branch of Milk River for the
irrigation of lands in the lower Milk River valley and by the Alberta Railway &
Irrigation Co. at Kimball, 14 miles below the station.

REecuraTion.—The United States Reclamation Service has under construction a large
reservoir on the headwaters of Swiftcurrent Creek, but as no water has yet been
stored the stream-flow records have not been affected.

Accuracy.—Stream bed and control shifted slowly but steadily at site used from 1908
to 1912 and also at site of automatic gage and cable installed in 1913 for use of the
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United States and Canada. Stage-discharge relation at new site selected for gage
and cables in 1916 permanent at low stages in 1917 but slightly shifting at higher
stages. Rating curves well defined between 220 and 4,840 second-feet. Open-
water discharge determined by applying mean daily gage height to rating tables;
winter discharge determined from hydrograph prepared from discharge measure-
ments and by comparison of maximum and minimum temperatures and gage-
height graphs. Records good.

Discharge measurements of St. Mary River near Kimball, Alta., near international
boundary, 1906-1917.

¥

Gage | Dis- Gage | Dis-
Date. Made by— height. | charge. | Date. Made by— height. | charge.
19086, Feet, | Sec.t, 1911, Sec.-ft.
Sept. 22| J. F. Hamilton..,......|........ 508 . 170.9
059.5
1907, 082.8
Aug. 3| 1.3. Walmsley......... 4.20 2,026 736.9
639.7
1908, 428.5
June 29 | H.R.Carscallen........ 4.13 12,788 753.1
Sept. 1| P. M. Sauder. .. .| 2.45 519 820.6
16 | H.R.Carscallen........ 2.50 579 131.9
3.30 1,532 3.50 123.38
5.005 |4,752 3.00 | 203.05
5.075 |4, 490 2.40 | 150.0
4.71 3,525 2.58 131.0
3.80 |1,969 1.86 125. 64
3.40 |1,389 2.30 | 120.69
3.00 858 .65 564.5
2.85 698 3.00 720.6
2.65 505 3.10 791.5
2.35 305 3.63 {1,461.3
4.59 1207541
4.22 {2,175.9
2.79 644 4.20 12,157.7
3.01 | 753 4.98 12/331.3
3.51 11,299 4.20 12,225.0
3.61 |1,443 4.18 12,134.8
3.67 |1,584 3.78 11,489.0
4.26 |2,506 3.93 |1,802.3
3.93 {1,912 3.50 11,169.0
4.05 |2,158 3.36 [1,023.3
4.10 |2,317 3.04 | 693.4
3.756 |1,764 2.98 628.7
3.25 |1,040 2.56 333.5
2.95 694 2.88 523.0
2.85 620 2.75 421.4
2.53 372 2.85 505.7
2.65 453 2.79 376.4
2.86 .10 8
2.99 2.49 6
3.385
3.75
2.95
3.24
2.88
5.15
4,47

681 3.16 180

1,044 2.76 94

625 2.70 100

a 264 2.82 141

a 282 2.95 220

3.35 11,028

2.65 949

26.26 210.2 3.45 |1,590

- 5.53 202.4 3.96 {2,260

4,95 141.6 4.58 13,042

4.63 360. 3 . 6.05 15,209

4.15 318.8 PN 7+ JR 5.76 15,607

5.20 271.8 R. R. Randell. 5.74 14,750

2.82 536.2 5.78 14,979

3.28 [1,076.2 5.45 13,993

500 |3,812.0 1 '4.93 13,044

4.56 |2,945.3 -3.66 {1,354

4.78 [3,298.6 3.71 11,450

4.77 13,261.3 3.56 41,283

5.05 |3,855.4 3.28 [1,060

4.78 [3,284.0 3.04 1855

. 3.81 11,702.0 2.55 | 850
PR [ J . .| 3.70 |1,584.9 2.35 408
20 leieee@0eennnvnnnniinnan. 8.70 11,582.1 1 Oct. 9 ' .0cuecciiiriiii.d 2.5 408

sIve present.
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Discharge measurements of St. Muary River near Kimball, Alta., near international
oundary, 1906-1917—Continued.

Gage Dis-
Date Made by— height.| charge.
1913 - Feet, | Sec.-ft.
Oct. 14 | L. Danielsen...........| 2.55 553
24 | W. A. Lamb 4 2.26 382
Nov. 13 | L. Danielsen. . 344

Apr.

May

June

July

Aug.

Oct. 7

9 (W. A. Lamb..
J.C. Hoyt......

J. E. Degnan..

B. E. Jones. ....
V. A. Newhall, .

. A. Newhall, .
do

DO 11t 1 gt £ D1 BT G
FRIRIBXBRIRRIFEBIURRIRIY

T e e et = 1 el D B0 B e

0000 0 00 1 1 i 00 00 1h 00 80 O 0O

W w0 et
&8 S 88

228

ggoane
O%NVDWO

FE8a8

Date.

1915,

Nov.

Apr.

(| May

June

10

July
2

Aug.
Sept.

Oct,.
Nov.

Dec.

Gage Dis-
Made by height. | charge.
Feet, | Sec.-ft.
3.51 576
3.24 530
3.37 336
3.32 317
2.93 183
2.84 14}
2.85 147
4. 55 149
4.53 149
5.07 230
4.97 226
4.09 589
3.27 542
3.27 621
3.26 543
2.66 672
2.61 626
3.61 1,710
3.95 1,999
3.75 1,769
5.00 | 3,060
7.07 7,817
7.60 7,844
6.20 4,903
6.25 4,960
6.40 5,393
5.80 4,132
5.10 | 3,084
4.16 1,817
3.42 1,169
3.67 1,394
4.01 1,714
2.65 578
2. 56 A11
- 2.22 342
..... do. . iiannn 4.25 440
W. A, Lamb... 4.28 418
H. W. Rowley... 3.95 210
5. 57 241
5.38 118
5.76 140
5.54 140
5.69 110
6.83 651
6.37 824
5.98 597
5.53 376
3.11 504
3.18 562
5.50 2,750
5.96 3,290
6.08 3,570
6.20 3,730
6.15 4,070
6.47 4,790
6.44 4,750

6.46 4,6
6.43 4,720
5.47 2,900
4.85 1,870
4.95 1,270
3.00 494
2.94 454
2.95 453
2. 80 376
.| 2.85 301
} 2.59 276
2.33 222
a3.86 144

Messrs. W. A. Lamb, B.

United States Geological Survey.

a Ice present.

NoTE.—Gage heights of measurements for following periods referred to water-stage recorder: May 4 {o
Dec. 5, 1913; Apr. 20 to Nov. 12, 1914; Mar. 29 to Nov. 12, 1915; Apr. 24 to Oct. 18, 1916; Mav 3 to Dee. 31,
1917. Ice present and stage-discharge relation affected bﬁ’ backwater Jan. 3 to Apr. 14, 1917.

E. Jones, A. H. Tuttle, R.

Randell, and J. C. Hoyt are engineers of the
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Daily discharge, in second-feet, of St. Mary River near Kimball, dlta., near international -
boundary, 1908-1917.

Day. June. { July. | Aug. | Sept. Day. June. | July. | Aug. | Sept.

£22 575
788 575
788 575
788 627
788 |iineenan

-y
=3
I

RN

Day. Jan. | Feb. | Mar. | Apr. [ May. | June. | July. | Aug. | Sept. | Oet. | Nov. | Dec.

3,510 | 760
3,047 | 760
2,875 | 760
2,537 | 760
2,200 | 760
2,047 | 760
1,970 | 760
1,820 | 655
1,675 | 655
1,53 655

53 815

385 | 760

385 | 760

Papaialals

1 et )
GO =
QoS Hh GmGendS S
=
o
S

Pt b ol o

32855 33888 8
80@00 [=X=Y=)
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DPaily discharge,in second-feet, of St. Mary River near Kimball, Alta:, near international
boundary, 1908-1917—Continued.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July.|| Aug. | Sept. | Oct. | Nov. | Dec.

1,655 775| 335| 705
1,655 750 | 350 | 910
1,580|| 750 | 370 | 1,125
1,580|| 740 | 405 | 1,180
1,520 | 730 | 425 | 1,150
1,610/] 695 | 455 | 1,140
1,565| 685 470 | 1,140
1,385 | 665| 455 | 1,505
1,325 640 | 455 1,640
1,230/| 610 | 455 | 1,655
1,190(| 610 | 465 1,655
1,140/ | . 610 | 455 | 1,565
L,150|| 615 445 1445
1,140/| 610 | 425] 1355
L1s0|| 610 | 4351230
1,205| 585 515 1,125
1,220/] 555 650 ] 1,065
1,205| 540 | 650 | 1,010
1,180 | 5151 625 '990

1,150 | 4851 610 980

1,115 | 475| 610 930
1ors| 465 | 730 810
1,035 | 4551 740 | 765
Lo | 40| 70| 710

Qe St s
WRRWHWR LR PN PADNT OO LW

BEaC e

Rttty

I$5=84

Mty

b ok hd ok o il o i P d ko e e el bt b ok et e RO DO DO DD RO DD B DO RO

49, 033 | 1,305 | 574 | 308 140
7520 [ 880 {1,495 66| 300 140
520 | 240 | 1,458 | 566 | 207 | al3t
'305| 810|1,420| 518| 208| 120
,305 | 201,206 | 442 295( 128
305 | 30 |1272| 465| 318| 128
358 | 780 | 1,308 | 442| 365| 128
Jos4 | 744 | 1154 | 300| 360| 128
2051 734 |1,074| 405| 360| 128
3051 es4 |l anzl i) a2
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Daily discharge, in second-feet, of St. Mary River near Kimball, Alia., near international
boundary, 1908-1917—Continued.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. Nov. | Dec.

128 174 130 169 750 | 2,289 | 2,165 | 1,238 580 328 550 5
128 170 130 209 790 | 2,235 | 2,200 § 1,238 580 328 550 202
128 167 | 2130 248 810 | 2,182 | 2,148 | 1,175 590 328 532

128 163 130 288 790 | 2,148 | 2,000 | 1,262 580 320 532 a 268
134 160 131 327 800 | 2,050 | 2,000 | 1,200 590 320 514 256
137 157 131 367 820 12,033 | 1,850 | 1,175 570 324 514 256
142 154 131 | 2406 840 | 1,925 | 1,700 | 1,188 541 332 505 256
147 150 131 446 860 [ 1,895 | 1,630 | 1,018 570 332 496 254
151 148 131 485 | 1,152 | 2,082 | 1,630 | 1,008 590 350 496 @254
156 147 131 524 | 1,352 | 2,252 | 1,560 6 570 350 496 a 255
160 | 146 | 130 564 |1,46212,340 | 1,5601 934 | 20| 380 | 505
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197 | 130| 120| 720 |2)601 | 2,430 | 1,850 | 670 | 505 | 496 | 378

180 | 137 218 | 500 | 1,210 | 5,060 | 2,220 11,430 | 570 | 550 | 352 | 224
181 140 | 216, 580 |1,260 | 4,800 | 2,040 |110400 | 530 | 576 | 360 | 221
188 | 142 209 | 700 | 1,260 | 4, 1,610 { 1,360 | 520 | 560 | 368| 107
162 | 145 | 198 | 910 | 1,340 | 4,400 | 1,630 | 1,260 | 515| 545| 394 | 205
172 | 16| 191)1,120 1, 4,380 | 1,490 | 1,180 | 500 | 515| 394 | 220
160 | 145| 188 |1,180 (1,520 | 4,340 | 1,410 | 1,140 | 505 | 510 394] 9227
140 | 145 | 187 (1,180 | 1,600 | 4,330 | 1,360 | 1080 | 520 | 495, 38 | 205
123 | 143 | 185 1,240 | 1,480 | 4,310 | 1,340 | 17010 | 535 | 485, 384 190
109 | 142 | 183 1,180 | 1,450 | 4,000 | 1,360 | o964 | 5151 452! 368| 172
101 | 141| 1801,170 | 1,570 | 8,460 | 1,390 | 908 | 525 452| 352| 151
9 | 140 178 |1,080 | 1,900 |3 1,380 | 879 | 505 448 | 384 | 192
95 | 140 | 177 (1,070 | 2,270 | 3,240 { 1,360 | 851 | 452 | 416 | 336 | 100
99| 140 | 177 | 1,110 /2,720 | 3,240 | 1,400 | 844 | 456 | 430 | 336 9%
P 128 | 139 180 1,110 | 3,190 | 3,520 | 1,610 | 858 | 407 | 4521 319 9
27, LI 138 | 137| 18711603920 | 3, ) 844 | 380 | 452 319 92
28,0 . LI 137 | 136 196 | 1,130 3,950 | 4,250 | 1,460 | 844 | 380 | 448 | 274 o1
20 .. lllIl 132 ....... 205 | 1,090 | 5,110 | 4,110 | 1,410 | 837 | 372 | 430 266 90
30.. ..l 127 feeeed] 2151 1,050 | 5,260 | 3, 1, 830 | 378 | 430 333 87
31 e LI 20 [T Bag0 1L 30! 30l al )



WATER SUPPLY OF ST. MARY AND MILK

Daily discharge, in second-feet, of St. Mary River near Kim
boundary, 1908-1917—Continued

RIVERS, 1898—1917,

59

ball, Alta., near international

Day. Jan, | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. { Dec.
1914,
1,092 | 2,314 | 1,686 | (832 609 | 690 645 o367
1,543 12,587 | 1,675 | | 810 | 3567 | 781| 691 362
2,085 | 2,800 | 1,719 | | 810 | 537 | 52| 795 366
1,965 | 3,120 | 1,753 | | 8251 5251 788) 919 316
1,764 | 3,094.| 1,869 | | 802 | 510 802 944 310
1,675 12,964 | 1,977 1 | 795| 505 | 780 | 1,012 302
1,664 | 2,730 | 1,989 | | 810 | 510 | 759 | 1,012 290
1,686 | 2,444 | 1,017 { | 766 | 500 | 724 (1,012 277
1,708 1 2,210 { 1,881 | | 724 | 495 | 717 | "927 272
1,965 | 1,941 | 1,845 | | 697 | 485 | 710| 840 272
2,049 | 1,788 {1,810 | | 633 | 470 697 818 273
1,953 | 1,753 11,753 | | 627 | 460 | 671 780 269
1,965 | 2,148 | 1,697 | | 609 | 445 | 678 802 267
2,049 | 2,470 | 1,607 | | 591 | 430 724| 780 267
2,223 | 2,405 | 1,631 | | 567 | 410 | 832 | 780 260
2,470 | 2,314 | 1,532 1 | 543 | 430 | 1,020 | 848 250
2,601 (2,366 | 1,426 | | 671 | 455 | 1,205 | 780 239
2,760 { %483 11,385 | | 832 | 455 1,255 | 731 238
2,795 | 2,600 | 1,265 | | 840 | 515 | 1,186 | 731 239
2,834 | 2,626 | 1,235 | | 810 | 633 | 1,120 | 697 235
2,808 | 2,535 | 1,225 | 759 | 773 {1, 671 223
2,665 | 2,444 | 1,158 | | 738 | 818 1,012 | 537 219
2,574 12,008 | 1,056 | | 745 | 795| 969 | 445 221
2,600 | 1,905 1 1,003 | | 780 788 | 911 | 435 221
2,821 | 1,822 | 960 | 752 | 724 848 445 216
2,834 | 1,810 1 911]| 724] 710| 810 430 207
2,626 | 1,788 : 871 || 678 780 | 780 405 200
2,509 { 1,776 | 855 | | 658 | 752 | 745( 300 193
2,379 | 1,753 | 855 || 633 724! 74| 375 188
2,198 | 1,742 | 855 || 615| 710| 684 | a371 185
2,185 |....... 840 | | 609 |....... 678 1 ...... 183
1,420 | 1,461 | 2,514 | 1,360 [ 654 | 635 630 347
1,637 | 1,483 | 2,436 | 1,300 780 | 668 615 341
1,730 { 2,306 | 2,514 | 1,240 | 1,604 | 755 | 615 339
1,682 | 2,397 | 2,358 | 1,193 |al,404 815 615 338
1,626 la2,475 | 2,189 | 1,155 | 1, 894 | 630 336
1,516 (42,475 | 2,078 | 1,117 | 1,060 | 950 | 605 332
1,430 | 2,345 | 2,066 | 1,070 | 966 | 922| 590 327
1,549 | 2,358 | 2,030 | 1,060 | 874 | 915| 581 316
1,886 | 2,280 | 1,982 | 1,060 | -882 | 867 | 568 310
2,054 | 2,488 | 1,934 | 1,043 | 924 | 834 563 302
2,126 | 2,202 | 1,718 | |1,018 | 858 | 822 | 545 295
2,054 {02,078 | 1,615 | 1,000 | 2802 | 815{ 545 287
2,102 { 2,006 | 1,516 {1,000 | 780 | 761 536 278
12,215 | 2,090 | 1,494 (1,043 | 758 | 743 | 52 269
2,150 | 2,168 | 1,430 | | 2958 | 712 | 755 515 259
[ 157 | 11| 150 | 497 101,982 | 2,254 1,350 (| 950 | 654 755 504 250
.. 1,82% | 2,228 11,538 ;| 932 660 | 743 | 493 239
1,790 | 2,475 02,054 || 907 | 758 | 719 482 229
1,648 {02,307 11,910 || 898 | 890 | 707| 471 o218
1,505 { 2,280 [ 1,483 (1,018 | 882 | 684 | 460 205
i
1,400 | 2,163 | 1,310 || 992 | 826 | 668 | 449 194
1,340 | 2,102 | 1,270 || 2907 | 742 | 662 | 438 185
1,270 | 2,030 | 1,250 || 866 | 750 | 656 427 151
1,280 | 2,042 | 1,240 || 818 | 735| 646 416 142
1,350 | 2,488 | 1,240 || 795 | 720 610 405 o140
1,360 |22,670 | 1,360 || 758 | 668 610 394 142
1,380 {22,605 | 1,380 || 742 | 654 630 390 147
1,370 | 2,488 | 1,626 || 742 | 634| 646| 2383 | al50
1,390 | 2,384 | 1,549 || 728 | 628 | 668 372 155
1,450 { 2, 1,540 1 690/ 582) 673{ 354 154
Bleieieeeeeead @140 oo 190 i 450 00 0 00,4200 6821, . 0 6681.......0 153

;
37




60 WATER SUPPLY OF ST. MARY AND MILK RIVERS, 1898—1917.

Daily discharge, in second-feet, of St. Mary River near Kimbell, Alta., near international
boundary, 1908-1917—Continued.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. { Nov. | Dee.
185 | 658 | 1,080 | 1,980 | 6,037 | 1,481 | 964 | 511 | 300 25
190 658 | 1,165 | 1,960 | 5,848 | 1,433 964 483 325 235
205 | 630 |1,150 | 1,800 | 5,800 | 1,433 | 1,053 | 469 | 336 245
240 | 580 | 1,175 [ 1,770 | 5,764 | 1,366 | 1,284 | 455 | 336 245
300 532 | 1,240 | 2,050 | 5,428 | 1,320 | 1,490 442 | a320 20
340 | 530 | 1,450 | 2,320 | 4,516 | 1,293 | 1,721 | 469 | 305 225
300 | 543 | 1,865 | 2,340 | 3,977 | 1,275 | 1,784 | 422 205 220
450 60 | 2,170 | 2,340 | 3,977 | 1,257 | 1,700 | a448 | 325 215
600 | @575 | 2,260 | 2,500 | 3,993 } 1,414 | 1,433 455 1 @350 210
700 | 590 | 2,260 | 2,930 | 4,059 | 1,550 | 1,275 | 442 { 310 210
850 | 672 2,100 | 3,480 | 4,159 | 1,569 | 1,171 | 422 280 210
800 | 672 1,960 (3,560 | 4,042 | 1,510 | 1,078 | 378 | 280 210
650 | 680 | 1,795 | 3,560 | 4,075 | 1,404 | .996 | 360 | 280 210
550 700 | 1,680 | 3,640 | 3,763 | 1,284 949 360 280 210
510 680 | 1,600 | 4,120 | 3,585 | 1,205 925 348 290 210
512 740 | 1,530 | 5,240 | 3,520 | 1,154 880 336 340 210
514 650 | 1,440 | 6,420 | 3,407 | 1,154 815 342 440 210
516 680 | 1,390 | 6,880 | 3,312 | 1,205 759 348 418 210
520 650 | 1,390 § 7,660 | 3,101 | 1,171 724 378 395 210
524 672 | 1,480 | 7,817 | 2,865 | 1,154 675 390 355 210
528 | 690 | 1,495 [ 8,520 | 2,656 | 1,129 | 654 | 410 340 210
532 | 725 | 1,600 | 8,620 [ 2,452 1,005 | 619 | 390 340 210
538 | 672 (1,690 | 7,844 | 2,327 | 1,053 | 612 | 378| 345 215
541 672 |1,805|5,890 | 2,156 | 1,020 | 612 | 348 | 342 215
615 | 696 | 1,990 | 4,966 | 2,016 | 988 | 592 | 348} 333 215
618 660 | 2,100 | 4,987 | 1,870 [ 1,061 578 330 323 220
620 | 660 | 2,140 | 5,113 | 1,859 | 1,053 | 558 | 342) 312 220
620 | 740 | 2,030 | 5,470 [ 1,805 | 1,037 | 544| 330| 296 225
615 810 | 1,960 | 6,520 | 1,710 | 1,020 519 330 278 | . 230
615 | 945 | 1,999 | 6,730 | 1,639 | 1,004 | 490 | 330 | 260 25
620 |....... 2,000 |....... 1,539 | 988 |....... 336 [.ven-n. 237
132 110 490 | 3,470 | 3,130 837 332 415 284 190
131 110 495 | 3,350 | 3,100 712 ) - 204 415 315 180
130 | 110 | 504 13,280 12,970 | 708| 268 ) 415{ 315 165
130 250 498 | 3,140 | 3,060 672 253 410 340 145
130 375 530 | 3,080 | 3,020 610 247 410 315 140
130 530 | @550 | 3,050 (a3, 040 560 236 443 298 140-
130 650 570 | 3,180 | 3,060 538 230 437 294 135
131 690 660 | 3,520 | 2,990 538 222 448 290 130
133 735 818 | 3,880 | 2,830 546 250 459 284 130
135 780 | 1,110 | 4,610 | 2,850 551 318 426 277 125

2138 824 | 1,410 | 5,200 | 2,730 560 318 400 274 | @120
140 597 | 1,660 | 5,090 | 2,680 515 386 405 268 120
140 485 | 2,050 | 4,940 | 2,600 470 458 400 256 | @115
140 376 | 2,500 | 4,600 | 2,530 458 470 395 239 115
140 372 | 2,850 | 4,410 | 2,330 434 462 380 237 115
140 370 | 3,040 | 4,430 | 2,160 434 454 360 236 | a120
140 3721 3,220 | 4,690 | 2,100 430 450 340 226§ @125

a 140 374 | 3,200 | 4,760 | 2,100 426 450 355 225 130
140 | 384 (3,170 | 4,760 % 2,160 | 430 ; 450 | 3551 224 140
140 410 | 3,220 | 4,740 | 1,890 438 450 375 221 150
138 438 | 3,140 | 4,760 | 1,850 452 442 426 217 | e155
137 | @450 | 2,890 | 4,690 | 1,820 466 442 443 212 1. 160
134 460 | 2,640 | 4,510 | 1,720 470 430 410 208 | a170
130 | 466 | 2,510 | 4,240 | 1,570 | 462 470 | 390 | 204 180
128 472 | 2,780 | 4,140 | 1,440 446 458 365 201 | @190
125 477 | 8,380 | 4,100 | 1,320 418 450 325 197 200
122 | a481 | 3,560 | 3,940 | 1,210 390 458 290 197 215
120 | 481 {3,740 13,820 | 1,130 | 378 | 442 | 256 | 197 230
117 | 482 |@3,840 | 3,510 | 1,090 | 354 | 434 | 253| 197 | 250
115 485 | 3,950 { 3,240 | 1,010 318 430 262 197 320
1l ..., 5680 [....... 928 340 |....... 268 |....... 400

e Estimated.
Nore.—Highest stage in 1908 was June 5, when the maximum gage height exceeded 11feet. On account

g
of changing conditions during the flood of 1908 the rating table couﬁ not be applied to gage heights previous
to June 21, 1908, Shifting control Nov. 17-29, 1912, and June 9-13, 1917.
Stage-discharge relation affected by ice during the following periods: Nov.24-30, 1910, Jan. 1 to ﬁpr. 17
and Nov. 8to Dec. 31, 1911; Nov. 25 to Dec. 31, 1912; Jan. 1 to Apr. 16 and Dec. 16-31, 1913; Jan. 1 to Mar. 28
and Nov. 15 to Dec. 31, 1915; Jan. 1 to ¥Feb. 19, Feb. 27 to Mar. 14, and Nov. 11 to Dec. 31, 1916; Jan. 1 to

May 5 and Dec. 1-31, 1917.

Discharge determined from readings on chain gage at bridge in SW. } sec. 1, T. 2, R. 25, Jan. 1 to May 5,
1917, from water-stage recorder May 7-26 and June 2-Sept. 30, and from staff gage in SW. % sec. 25, T. 1, R.

25, May 27 to June 1, 1917.
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Monthly discharge of St. Mary River near Kimball, Alta., near international boundary;

1908-1917.

[Drainage area, 472 square miles.]

Discharge in second-feet. Run-off.
Month. - Por Depthin Total
Maximum. | Minimum. | Mean. square lgrcaigsagg acge-feg:l.
: ) area.
1908.

June 21-30..cccueeeeeinienanaaannn- 3,669 2,647 | 3,108.1 6. 585 2,449 61,648
July... 3,022 1,390 | 2,395.0 5.074 5. 850 147, 265
Angust... 1,390 5 946. 7 2. 006 2.313 58,210
Septembe; 627 389 528.6 1.120 791 19,921
Theperiod....... .o 11.403 287,044
505.4 | 1.078 . 200 5,012
906. 5 4.039 4,657 117,225
645.6 11, 961 13. 335 335,936
096. 5 6. 560 7.563 190,397
466. 3 3.107 3.582 , 160
644, 7 1. 366 1.524 38,362
453.3 . 960 1.107 27,872
683.2 1.447 1.076 7,102
................... . 33.044 32,066
1,068 2,26 2.52 63,550
2,206 4.69 5.407 135,642
208 4,68 5.219 131,382
1,176 2.49 2.873 72,312
562 1.19 1.373 34,556
544 1.15 1. 286 32,370
1,114 2,36 2.721 68,498
711 1.50 1.675 42,307
.................... 23.079 580,617
210 .44 .51 12,937
189 .40 42 0,508
196 .41 .47 12,034
527 1.12 1.25 31,376
2,070 4.38 5.05 127,249
3,651 7.74 8. 64 217,269
1,783 3,77 4.35 109, 630
1,044 2.21 2.55 64,217
1,377 2,02 3.26 81,949
676 1.43 1.65 41,547
334 .70 .78 19,874
190 .40 .46 , 664
.................... 29,39 740, 254
171 .362 .42 10,514
143 . 303 .33 , 225
130 . 275 .32 7,993
527 1.120 1.25 31,359
1,984 4,200 4.84 121,992
205 4,860 5.42 136,562
1,644 3.480 4.01 101,084
882 1.870 2.16 4,232
547 1.160 1.29 32,549
423 . 896, 1.03 , 009
450 .953 1.06 26,777
240 .508 .59 14,757
The year.....eeeee..- U Y P 22,72 572,053




62  WATER SUPPLY OF ST. MARY AND MILK RIVERS, 1898-1917.

Mont‘hly discharge of St. Mary River near Kimball, Alta., near intcrnational Loundary,

1908-1917—Continued.

Discharge in second-feet. Run-off.
| | Depthin |
Month. Per | ; ]
. - inches on | Totalin
Maximum. | Minimum. | Mean. sgn\haére | ‘drainage | acre-feet.
) area. ;
1013. i
JAIUATY e e eeeaneeeineiaaeenans 202 95 158 0.335 | 0.386 ' 9,715
February .. cocoenn--. . 146 101 129 273. ! . 284 7, 164
...... 226 135 191 . 405 . 467 11,744
........ 1,240 238 749 1.587 1.771 | 44, 569
........ 5,260 902 1,912 4.051 4.671 | 117,564
5,380 3,240 4,519 9.574 19. 681 268,900
3,620 1,340 2,024 4.288 4.944 1 124,450
1, 690 830 1,162 2.462 2,838 71,448
816 372 574 1.217 1.358 34,155
...... 576 364 448 949 1.094 27,548
....... 416 266 371 786 .877 22,076
312 78 190 403 - 465 11,683
................................................................ 29,836 751, 016
1914.
JAOUAT e e eneeneeaeemeaneaneennns 215 77 128 271 .31 7,870
February. .22 5,600
.45 11,314
1.51 37,
5.45 137,120
5.51 138, 700
3.49 87,930
1.76 14, 210
1.38 34,750
2.05 51,711
1.66 41,772
62 15,741
24, 40 614,631
.41 10,330
a8 o
.3 ‘
1.36 34,215
?,'033 101, 145
4,91, 105,882
| e
}I & 45,439
.59 14,041
LT N AU FUURRPDUT I R 23.91 601, 717
.8
1.9 31,728
1,57 39,511
4.17 104, 958
10.96 275, 742
%38 2%2, 932
S,
2.% wﬁggg
R 19,279
.54 13,527
886,697
1917.
241 100 10,899
160 100 7,290
140 111 8,116
824 110 26,955
3,950 490 136, 195
5,200 3,050 205
3,130 928 135, 703
837 318 30,559
gg 222 %, 731
242
340 197 14,757
i 115 10,330
Theyear....................]... e \ ............................................ 670,712

As a part of the discharge of St.

in 1917 the run-off per square mile and

Mal(-iy River was diverted by the United States Reclamation Service
epth in inches on drainage area have not been computed.
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Mean monthly discharge, in second-feet, of St. Mary River at international boundary

1902-1917.

Total
Year. Jan. | ¥eb.| Mar. | Apr. | May. | June. | July. | Aug. |Sept.} Oct. | Nov.| Dec. (?cae)-
: eet).

. |
1902, .. .......... e e I P I e 604) 4770 342 a240(b100,377
1903.......... .. a241} a628] 1,720 5,200 2,924 1,404| 1,109] 917| 535 438| 933,211
1904, ........ 200| 724 2,022] 2,940/ 1,900 933| 420| 221] 130 <166 610,600
1905. .. ... c188| 304 1,215 2,461 1,642} 847 371} 772 298| 240} 515,700
1906.............. c125/ 481). 1,500 2,280 1,830 946! 628 756| 1,100} 359| 619,000
1907.. ... ... c260| 489 1,930 4,260{ 3,120 1,330{ 1,210[ 567| 244| 157| 842,000
1908........ €330] 844| 2,490 6,390| 2,400; 785 462} 485 472 <200| 920,000
1909........ a241} a628] 1,907] 5,646/ 3,097 1,466| 645] 453] 683] a240| 926,313
1910........ c530} 1,190 2,320| 2,240 1,170 580 553| 1,040] 742] 293| 664,000
115 O 196 527| 2,070| 3,651 1,783| 1,044| 1,377\ 676 334] 190| 740,254
1912.....0 130{ 527 1,984) 2,295 1,644| 8821 547| 423] 450 240| 571,741
1913...... 191] 749 1,912 4,519 2,024] 1,162 574 448| 371 190 749,112
1914, .. . ..., 184! 637| 2,230, 2,331 1,430] 719, 5%4] 841} 702] 256 614,631
1915.......... 157} 5750 1,645 2,251 1,722 9A9| 842| 739 504 243| 585,988
1916 ... 516/ 664] 1,707\ 4,634] 3,463| 1,220 947| 391 324] 220| 885,780
1917 .l 132 453] 2,215 4,104 2, 207| " 497| 382 378 248 168 670,706
Average 2411 628 1,924) 3,680 2,163 986/ 703 509 467] 240| 723,260

Average run-off, l
acre-feet........ 0, 531(9, 133114, 819|37, 369|118, 302|218, 980 132, 896|60, 62741, 831/36, 831/27, 78814, 757 722,964

Average annusal
run-off per

square mile. . .. .| .o oeeafiiieiineni oot JEESETEE EEFPPN PPRRPHS PRPPRN PR FRRR 1,532

i

a Taken as average of same months in other years to complete year.
b Partial record not included in average.
¢ Discharge estimated.

NorE.—Table summarizes stream-flow data for St. Mary River wherc it crosses international boundary
repared from records obtained by the United States at gaging station formerly maintained near the
undary, from records obtained by the Canadian Government at gaging station formerly maintained near
Kimball, Alta., and from recent records obtained at the station jointly maintained near Kimball by repre-
sentatives of the two Governments. . i
During the year 1917 water was diverted from St. Mary River at a point about half & mile below the
outlet of Lower St. Mary Lale by the United States Reclamation Serviee St. Mary canal. This water,
less the quantity lost bgseepage was delivered to the North Forkof Milk River. A large proportion of the
seepage waters returned to St. Mary River, either above the station near the international boundary or
by way of Rolph (Willow) Creek at a goint between that station and the one near Lethbridge. The fol-
lowing table shows the water diverted from the St. Mary River drainage by the United States Reclama-~
tion Service St. Mary canal, exclusive of seepage losses from the eanal:

Month. Water diverted.

Sec.ft. Acreft.

July3-3t............. 218 12,500
August, . 254 15, 600
Sept. 1-13 215 5,540

The period.......[.......... 33,600
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Duration of flow (number of days in the year) of St. Mary River near international bound-
ary, 1909-1917. ’

Flow (second-feet). 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1917 | Total. -";‘;:r'
8000 . ceenreeanrieaeais|eenns 2 eeenns <2l
7,000, ..l 2 51,0000 7 i
X 15 10|00 2 3
5,000 23 182 56 5
4,000 3 261 17| 111 12
3.000. 43 3| 48| 205 3
2,000. 72 50 | 68| 482 54
1,900 78 651 68| 521 58
1,800 80 71 71| 554 62
1,700,000 1IN 81 7 72| 595 65
1,600.- ... Llllll 82 82| 7| 638 71
1,500,000l 85 87| 74| 688 76
1,400 .01 1Nl 85 981 761 743 81
1,300 ..o 1l 91 02| 77 805 9
1,200... 95 05| 78) 86 95
1,100 103 1l sl g2l 100
1,000... 105 1B2] | nom| M
900. . 112 41| 3| 1,000 119
800 126 461 86| 1,197 | 133
700 112 1551 90| 1,344 | 149
600 155 1881 95| 1,508 165
500 - 172 214 | 108 | 1,660 | 185
400. - 196 20| 12| L | 2
B00. - o 205 276 | 203 | 2,131 | 237
200- ...l llll 206 311 | 255 | 2,409 | 265
100.-..0LllIIlT .| 206 5 ; 365 | 365! 2,065 329
BO.n e et 206 | 243 | 365 | 366 | 365 | 365 | 365 | 365 | 365 | 3,005 | 334

ST. MARY RIVER NEAR LETHBRIDGE, ALTA.l

Locarion.—In the NE. 1 sec. 26, T. 7, R. 22 W. fourth meridian, 8 miles southwest
of the city of Lethbridge and 4 miles above confluence with Oldman River.

DRAINAGE AREA.—1,394 square miles.

REcoRrRDS AVAILABLE.—October 13, 1911, to December 31, 1917.

Gace.—Stevens continuous water-stage recorder installed June 8, 1916; prior to that
date a vertical staff graduated to hundredths of a foot; winter readings still
obtained from the vertical staff. Staff gage read by W. D. Whitney.

DrscHARGE MEASUREMENTS.—Made from cable 1,680 feet downstream from gage.

CHANNEL AND coNTROL.—Bed composed of coarse gravel. Right bank low and sub-
ject to overflow at flood stages; left bank high and not subject to overflow.
Control is a large gravel bar and is likely to shift during floods.

EXTREMES OF DISCHARGE.—1911-1917: Maximum stage recorded, 3.91 feet June 22,
1916 (discharge, 8,964 second-feet); minimum stage recorded, 0.15 foot, October
5, 1913 (discharge, 46 second-feet). (See hydrograph, P1. V.)

Tce.—Stage-discharge relation affected by ice during winter season.

Diversions.—The United States Reclamation Service and the Alberta Railway &
Irrigation Co. divert water from the river for irrigation above this station.

Accuracy.—Stage-discharge relation permanent during open-water periods 1916 and
1917; fairly permanent- 1911 to 1914; control shifted in 1915. Staff gage read
daily to hundredths 1911 to June 7, 1916, and during winter periods. Operation
of water-stage recorder not completely satisfactory throughout open-water season
of 1917, as shown by breaks in record. Daily discharge for open-water periods
obtained by applying mean daily gage height to rating table; discharge for periods
in which record was broken obtained by comparison with records obtained from
stations on St. Mary River near international boundary; winter discharge ascer-

- tained from hydrograph based on daily gage heights, discharge measurements,
and records of temperature. Records fair.

1 Formerly called ¢“St. Mary River at Whitney’s ranch.”
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Mary River near Lethbridge, Alla., 1911-1917.

Date. Made by— noks | oo, || Date. Madeby—  |pCage | D
1911 Feet. | Sec.-ft. 1915. Fect. | Sec.ft.
Oct. 28 | N, M, Sutherland 0.531 561, Jan. 1.84 7
. . D. McLeod VI3 297.84 1.89 195
...... .50 1 199.34 || Feb, 2.20 185
Mar. 2.14 138

2.421 1,960

1.49 | 235.43 || Apr. 1.33 497
1.56 | 196.08 1.29 509
1.35 | 174.55 1.60 884
1.20 | 151.47 || May 2.06 1,882
1.20 98. 34 1.82 1,238
.63 1 821.80 | June 2.33 2,762
1.12 1,940. : 2.23 2,346
1.03 |1,637. 24 2.57| 3,642
1.08 |1,814.00 2.37 2,885
.93 (1,380.86 || July 1.97| 1,711
.64 1 865.39 1.80 1,283
.33 | 451.54 || Ang 1.671 1,046
.21 1 369.84 1.65 1,064
.351 478.00 || Sept 1,57 989
.44 1 565.00 || Oct. 1.72 1,236
.44 | 454.50 1.46 783
.31 | 283.54 || Nov. 1.45 636
.49 | 157.00 || Dec. 15 1.52 259

1916.

1.00 67 Jan. a1.84 148
1.19 | 111 Feb. a1.96 153
.12 119 2.22 2,072
.90 | 353 Mar. 2.16 1,659
.85 11,275 1.45 866
.76 11,009 Apr 1.4 886
2.25 |5,671 May 1.85 1, 561
1.58 3,001 June 2.77| 3,865
1.31 {2,233 3.97| 8,87
.95 [1,367 3.66| 7,889
.74 | 934 3.38 6,687
.47 1 584 July 2.60 3,370
251 201 Aug. 1.84| 1,377
091 201 Sept 1.80 1,319
541 421 Oct. 1.27 571
.51 283 1.17 478
.31 261 Nov 1,29 227
.04 63 Dec a1.06 163
a1.54 179
168

5230

183

169

843

2,787

€3,291

4,048

1,728
737

208

200

293

427

208

148

234

a Ige present.

1236?8°——20—5

. Discharge estimated from field inspection.

¢ Strong upstream wind.
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Daily discharge, in second-feet, of St. Mary River near Lethbridge, Alia., 1911-1917.

Day. Oct. | Nov. | Dec. Day. Oct. | Nov. | Dee. Day. Oct. | Nov. | Dec.
1911.

. 435 325 232
435 325 237
520 247
520 314 A48
520 307 244
435 301 235
520 300 237
305 305 295
305 307 211

i 805 306 203

i 1%
» E

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.

512 325 578 415

512 311 589 405

494 302 589 390

503 308 566 365

. 503 444 554 350

494 416 520 340

494 409 503 320

486 409 486 310

478 409 486 285

452 444 486 290

452 478 512 285

460 486 532 280

452 486 554 275

452 486 648 305

444 478 635 330

12,296 | 1,850 444 469 648 320

2,466 | 1,794 | 1,154 689 435 444 648 300

2,738 | 1,766 | 1,132 676 435 444 589 270

2,670 | 1,766 | 1,110 662 416 444 566 250

2,670 | 1,738 [ 1,074 | 662 | 409 | 486 | 520 240

2,568 | 1,738 | 1,074 612 402 532 480 235

2,432 1,682 | 1,074 566 383 589 445 220

2,398 | 2,129 | 1,154 532 376 589 430 210

2,262 (2,129 | 1,242 503 370 589 440 200

2,296 | 2,067 | 1,286 503 365 589 450 195

2,262 | 1,794 | 2,432 503 365 589 460 190

2,262 | 3,190 | 3,470 503 360 589 465 180

2,228 | 2,466 | 2,432 494 355 588 455 175

2,129 { 1,943 | 2,432 469 350 578 45 150

2,160 | 2,005 | 2,098 460 350 566 420 170

2,008 |....... 2,008 460 :.......] 566 1....... 160

a Gage carried out; replaced Apr. 4.
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Daily discharge, in second-feet, of St. Mary River

67

near Lethbridge, Alta., 1911-1917—

Continued.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July.] Aug. { Sept. | Oct. | Nov, | Dec.
140 62| 112| 460} 1,200|35,670|3,558 | 1,110 560 | 130 | 490 289
130 64| 107| 570)1,200| 5,670 | 3,382 | 1,069 | 574 85| 490 283
128 67| 113| 680 11,290 ]5,934 | 3,382 1,059 | 588 65| 490 214
125 751 120 790 | 1,290 | 3,802 | 2,886 | 1,200 | 560 65 430 266
118 85| 114| 900 | 1,200 5,582 2,822]1,350] 518 46| 430 261
381 90| 114 | 1,025 {1,200 | 5,362 | 2,730 | 1,110 | 490 8 | 382 261
85 80| 115|1,110] 1,110 | 5,362 | 2,580 [ 1,110 | 430| 18| 370 265
94 91| 1381,390| 1,110 | 5,362 | 2,490 | 1,110 | 430{ 190 | 370 267
102 99 162|1,200|1,110| 5,142 | 2,238 [ 1,110 | 430| 190 370 268
82| 104| 164]1,200 | 1,110 4,926 (2,210 | 1,110 | 370 230| 370 267
68| 108 175)|1,290|1,025 4,926 (2,132 (1,110| 37| 320| 370 265
65| 111{ 18 | 1,600 | 1,025 {4,716 | 2,080 [ 1,110 | 3701 430| 370 261
69| 116] 200 |1,600 1,025 4,510} 1,830 |1,110| 370 460 [ 370 252
75| 123 210 {1,600 | 1,110 [ 4,310 | 1,710 | 1,110 | 350 | 765 | 370 241
62| 128| 194|1,390|1,200)4,114 | 1,600 | 1,110| 350 | 750 | 370 228
65{ 133! 1801,200(1,290 3,924 |1,600{1,0% | 350 735| 370 250
67| 123 | 190|1,290 1,490 | 3,738 | 1,556 [ 1,076 | 320 795| 375 245
67| 119| 2121,200| 1,600 | 3,558 | 1,290 | 1,025 | 320| 780| 405 220
70| 124 | 225 (1,200 |1,710 3,382 [ 1,200 | 940 | 270 | 690 | 408 180
77| 128 205/1,290 | 1,854 [3,212 1,110 80| 270| 675| 365 164
88| 130 217]1,390 (1,950 | 3,046 | 1,110 780 | 254 ] 660 335 125
92 124 | 2321,6001,950 | 2,886 1,110 780 230| 645 322 85
95| 112| 244 {1,600|1,950 | 2,886 [ 1,110 735 | 190} 560 | 315 63
100 | 120| 260 1,490 | 2,002 | 2,730 | 1,110 | 705 | 190 | 532| 308 69
95| 125 252{1,290|2,210}2,730 1,110 705 190 B518| 305 75

. 89 120| 245]|1,200]2,640 2,886 |1,110| 705| 179| 504 303 85
83| 126} 262 |1,200 3,280 } 2,886 | 1,200 630] 178) 560 | 302 08
77| 119 297 | 1,200 | 4,590 | 3,046 [ 1,390 | 630 | 160| 546 | 300 111
65 |....... 320 | 1,290 | 5,450 (3,212 {1,390 | 560 | 160 | 532 | 298 127
68 f....... 336 | 1,290 | 5,450 | 3,382 | 1,300 | 560 | 160 | 518 296 145
65 [....... 353 |....... 5,450 |....... 1,200 | 560 [oe-.... 504 |....... 130
1151 108 | 235 608 |1,538 {1,855 |1,264| 363 | 335| 460 820 370
142 83| 238! 520(1,607 1,855 1,161 | 363| 335 460| 820 320
171 58| 242 530 |1,607 | 1,851,066 | 668 | 293| 460 905 285
196 56 | 248 | 560 |1,607 | 1,855 |1,066{ 668| 293| 560 | 905 250
220 57| 248| 5101,680 |1,855|1,066| 500| 293 | 560 | 905 220
200 63| 254 550 11,584 1,080 11,161 451 203| 620] 905 195
230 68| 263| 530|1,515{1,930 (1,161 | 363 | 258 680 | 905 175
243 82| 272 | 596 1,515 1,855 (1,492 349| 258 | 680 | 1,028 160
252 88| 280 | 490 | 1,446 1,855 (1,492 ( 293 | 258 | 905]1,085 148
244 94| 290| 415 1,655 {1,930 |1,607| 293 | 265|1,085 1,085 133
232 96| 302 388|1,930 1,955} 1,705| 258 [ 300 |1,400 {1,085 130
230 85| 313| 406|1,730 (1,855 }1,492 ) 223 300 1,400 | 1,180 135
239 83| 327 480 (1,680 [1,855]1,268 | 223| 265 |1,400 {1,180 140
245 87| 3421 54011,680 [ 1,805 | 1,161 | 188 | 265 | 1,400 | 1,224 142
240 93| 356 | 632)]1,655|1,855|1,161 [ 154 | 265 |1,492 1,165 148
232 | 1081 373 | 694 | 1,655 {1,855 | 1,161 | 154 | 265 1,492 1,115 153
222| 155 | 391 | 722|1,855 1,980 | 1,066 | 154| 237 1,492 1,065 162
215 | 176 | 408 | 820{1,85 1,980 |1,066{ 154{ 230 /1,630 1,015 170
208 | 178 | 433 | 8881,980 |1,980 | 1,066 | 572 2301,630| 970 176
204 | 168 | 460 956 | 2,105 {2,055 | 973 | 510| 265 |1,515| 955 185

442 11,000 | 2,184 | 1,980 | 806 | 460 | 9265|1,356 | 975 105
356 11,028 | 2,238 | 1,855 | €681 460 | 300 1,246 | 990 212
342 {1,047 | 2,288 | 1,755 | €68 | 510| 335|1,180 | 820 227
272 | 1,066 | 2,373 | 1,402 | 632 560 | 335 1,180 | 500 233
202 | 1,161 | 2,373 | 1,402 | 632 | 530 | 415{1,085| 500 234
195 | 1,161 | 2,238 {1,402 | 500 | 530 | 460}1,085 | 560 230
342 (1,224 | 2,105 {1,492 | 500 | 460 | 460 {1,085 | 560 229
397 | 1,246 | 1,080 | 1,378 | 480 | 460| 516| 990 | 560 230
460 | 1,400 | 1,955 | 1,378 | 451] 406 510) 905| 480 238
540 [ 1,460 | 1,955 [ 1,378 | 4061 363 | 460 | 82| 417 236
59 1....... 1,855 1....... 3631 335 1....... g0l ... 236
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Daily discharge, in second-feet, of St. Mary River mear Lethbridge, Alta., 1911-1917—
Continued.

Day. Jan. | Feb. | Mar. |} Apr. | May. | June, | July. | Aug. | Sept. | Oct. | Nov. | Dec.
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984 | 1, 3,159 | 6,586 | 1,880 | 1,385 | - 588 | 418 180
955 | 1,476 | 3,219 | 6,858 | 1,902 | 1,314 | 588 | 440 175
912 3,310 1,946 | 1,206 | 612 | 451 169
912 | 1,770 | 3,310 | 5,640 | 2,035 | 1,332 | 648 | 429 163
872 ( 1 3,129 | 5,205 | 2,102 1 1,850 | 674 | 315 161

Doporeore b

200

200

000 | 800 | 805 |1,440 | 4,956 | 3,412 | 1,279 | 1,012 | 484 154

80 | 750 | 805 | 1,476 | 5,818 | 3,480 | 1, 960 | do5 | 219| 158

000 | 750 | SIS | 1,568 6,816 3,310 | 1,296 | 926 | 495]| .218 | 156

000 | 700 | 818 |1,568 |7, 3,009 | 1,314 | s72| 473 | 26| 156
154 | 2,072 | 700 45| 1,660 | 8,433 | 2,803 | 1,296 | 845 | 495 | ;5| 157
154 [ 1,600 | 700 | 815 | 1,660 | 8,964 | 2,668 | 1,243 | 818 | 540 | 215 159
154 | 1,200 700 s72|1,770 (8362|2538 | 1,103 | 778 | 624| 214 | 160
154 | 10020 | 650 | 8721, 7,760 | 20436 | 1,131 | 752 | 588 | 212| 165
153 780 | 650 | 858 2,460 | 6,678 {2,288 | 1,070 | 726 | 576 210 | 168
12| 760| 900 85883,310|5,952]2170 1,04 | e87| 57| 208| 171
152 845 | 858 | 2,864 | 5,952 | 2,102 | 1,0 674 | 484 | 207| 175
151 220| 845| 832284 !6,358 2,080 | 1,026 | 674 | 434{ 24| 179
151 | 200 | 872 | 8452/84 | 7,050 | 2,012 | 1,026 | 648 | 484 | 202 | 187
151 ... 872 | 845 | 2,864 | 7,998 [ 1,924 | 1026 | 624 62| 199| 190
1510 o12 ). .. 2022 1.0 1836 ' 1,026 L....... 420 ... 193
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Daily discharge, in second-feet, of St. Mary River near Lethbridge, Alta., 1911-1917—

Continued.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Deec,
192 211 720 | 4,950 | 3,372 278
195 250 710 { 4,765 | 3,192 194
195 360 700 | 4,580 | 2,984 220
195 475 690 | 4,395 | 2,848 200
194 | 590 | 670 4,210 | 2,780 190
192 700 660 | 4,000 | 2,780 180
190 | 820 | 6703500 | 2,748 160
190 | 1,900 | 690 | 3,373 | 2,748 150
189 ] 2,035 | 720 13,750 | 2,748 145
189 | 2315 | 744 | 4,250 | 2,716 145
185 12,950 | 780 | 4,750 | 2,652 145
184 | 1,460 | 780 | 5,500 | 2,620 148
182 [ 1,280 | 744 | 5,750 | 2,524 160
180 | 1,040 | 2,684 | 5,500 | 2,492 190
178 | 970 | 2,716 | 5,250 | 2,431 210
76| 970 | 2, 5,000 | 2,315 222
174 | 905 | 2/848 | 4,750 | 2,062 25
173 | 905 | 2,916 | 4,750 | 1,739 245
170 | 892 | 2)984 | 4,800 ) 1,628 252
169 | 866 | 2,748 | 4,950 | 1,565 258
170 | 866 | 2,748 | 5,100 | 1,565 260
170 | 866 {3,372 | 5,000 | 1,544 258
170 | 840 | 3,552 | 4,800 | 1,481 255
170 1 780 | 3,732 | 4,600 | 1,388 250
17| 828 |3,914 | 4,400 | 1,208 240
173 | 804 | 4,099 | 4,255 | 1,178 238
178 | 768 | 4,284 | 4,025 | 1,082 25
183 756 | 4,469 | 3,914 984 234
189 7 4,469 | 3,768 892 250
195 732 | 4,654 | 3,624 840 290
200 |....... 4,839 | ... 804 450

NoTe.—1911: Shifting control Nov. 22-29 and Deec. 21-31.

1912: Stage-discharge relation affected by ice Jan. 1 to Mar. 26 and Nov. 20 to Dec. 31. -
. 1913: Stage-discharge relation affected by ice Jan. 1 to Apr. 5and Nov. 16 to Dec. 31; discharge Mar. 7-16
interpolated. Shifting control Oct. 14 to Nov, 16.

1914: Stage-discharge relation affected by ice Jan. 1 to Mar. 18, Nov. 15-21, and Nov. 30 to Dec. 31.

1915: Stage-discharge relation affected b(f ice Jan. 1 to Mar. 20 and Nov. 21 to Dec. 31. Shifting control
Aug. 12-23: May 1, discharge interpolated, X

1916: Stage-diScharge relation affected by ice Jan. 1 to Feb. 14 and Nov. 21 to Dec. 31. Shifting control
Feb. 14-16 and Feb. 22 to Mar. 26.  Discharge Feb. 17-20 and Nov. 12-13 estimated.

1917: Stage-discharge relation affected byice Jan. 1 to Apr.7 and discharge estimated for the followingl
periods: Apr. 6, 7, June 1-7, 9-26, Aug. 13, 14, Aug. 31 to Sept. 9, Sept. 30, Nov. 1-23, Dec. 8-11. Contro!
shifting Nov. 1 to Dec. 2. No observations during October.

Monthly discharge of St. Mary River near Lethbridge, Alta., 1911-1917.

[Drainage area, 1,394 square miles.)

Discharge in second-feet. Run-off.
Depth in
Month. Per F
. e n
Maximum. | Minimum. | Mean. square I‘Iilfaigzge R ;Io“r);‘f‘flegg_
. area.
1911.
October 13-31. . ... .......c..... 578 435 535 0.384 0.27 20, 162
November _ 1,710 295 730 .524 .58 43,438
December......................... 325 197 252 181 .21 15,495
The perfod.....coovuveeieiafioiiioi e L 1.08 79,095
1012,

January.........o.oiiiiiiiiiiiaa.. 245 195 219 157 .18 13, 466
February.......... 195 153 176 126 .14 10,124
March1-26......... 240 133 149 107 10 7,682
April4-30.......... 1,074 898 956 . 686 69 51,185
A e e e, 2,738 1,132 1,977 1.42 1.64 121, 564
JUDR . oo , 190 1,626 2,074 1.48 1.65 123,410
JUY oo eeeiieeeenn 3,470 1,074 1,723 1.2 1.43 105,943
August......... 1,794 782 . 561 .65 48,083
September . 512 350 433 .311 .35 25,765
October...._. 589 302 479 .343 .40 20,453
November . . 648 420 523 .375 .42 31,121
December. . ..oueiiaeieianaaaaan. 415 150 271 194 22 16,663
The year.....oooouuimminnni i eeeeaes 7.87 584,459
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Monthly discharge of St. Mary River near Lethbridge, Alta., 1911-1917—Continued.

i

Discharge in second-feet. Run-off.
Month. Per Depth in Total i
. - R inches on 'otal in
Maximum., | Minimum. | Mean. sg;;ge drainage | acre-feet.
: area.
140 62 87.6 0. 063 0.07 5,386
133 62 108.0 077 .08 5,998
353 107 201.0 144 .17 12,359
1,600 460 | 1,224.0 .878 .98 , 838
5,450 1,025 | 2,002.0 1.440 1.66 123,100
5,034 2,730 | 4,163.0 2. 990 3.34 247,715
3,558 1,110 | 1,859.0 1.330 1.53 114,305
1,350 560 942.0 .676 .78 57,921
5 160 339.0 .43 .27 20,172
796 46 447,0 321 .37 27,485
490 206 368, 0 . 264 .29 21,898
289 63 197.0 -141 .16 12,113
............................................ 9.70 721,290
252 99 191 .136 .16 11,744
230 56 129 092 .10 164
596 195 336 239 .28 )
1,469 388 799 . 560 .62 .
2,373 1,446 | 1,851 1,320 1.52 113, 812
2,055 1,378 | 1,790 1.270 1.42 106, 510
1,705 363 992 . 706 .81 60, 996
668 154 386 274 .32 23,734
510 230 318 226 .25 18,922
1,630 460 | 1,067 .759 .88 65,607
1,224 417 889 .632 .70 52,899
370 130 203 .144 .17 12,482
............................................. 7.23 541,419
235 150 180 .129 .149 11,068
212 158 186 133 .138 10, 330
1,990 138 897 643 741 55,154
1,080 468 706 . 506 . 564 41,950
2,926 990 | 1,744 1.250 1,441 107,130
5,220 1,446 | 2,744 1.970 2.198 163,280
5,724 1,100 { 1,859 1.410 1.626 120,520
1,912 756 | 1,064 . 756 .872 64,581
1,764 658 909 .652 72T , 089
1,250 588 934 670 L7712 57,420
818 580 739 530 .591 43,974
550 156 326 234 .270 , 045
............................................ 10. 089 749, 550
160 130 153 *.110 .13 9,408
2,072 152 757 543 .59 43,543
1,700 180 ‘820 588 .68 50,420
805 862 618 .69 51,293
3,310 912 | 1,959 1. 400 1.61 120, 425
8, 3,008 | 5,208 3.740 4,17 309, 824
7,475 1,836 | 4,029 2.890 3.33 247,674
2,102 1,026 | 1,403 1.010 1.16 , 246
1,385 624 | 1,023 734 .82 60, 858
674 429 5 392 .45 33,572
451 199 278 199 .22 16,542
195 154 ’168 121 .14 10,330
............................................ 13.99 1,040,135
199 156 176 126 .15 10,822
230 150 192 138 .14 10,663
169 183 131 15 11,252
2, 950 211 995 L7144 .80 59,207
4,839 660 | 2,358 1.690 1.95 144, 988
5,750 3,373 | 4,542 3.250 3.63 , 268
July.. 3,372 804 | 2,064 1.480 1.71 126,908
August.... - 732 159 369 . 265 .31 22,689
September........ e 255 167 212 .152 .17 12,615
[T o] T O o P R PR (R
November. .. ...o.ovieiiaeann... 427 208 285 . 204 .23 16, 659
December.........cooooiiiiinn... 450 145 222 .159 .18 13,650
The year........... [ . R 9.42 700,021

e Norecords taken during October, 1917,
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Mean monthly discharge, in second-feet, of St. Mary River near Lethbridge, Alta.,

1911-1917.
i
Year.  Jan., Oct, | Nov. l a:l‘cgrfleiént.

I
£ 121} R RS
TTE O
19130000000 1 s 339 532
191400000 191 318 1,067
1915, 10100 180 909 93
96,0 153
1987.00000000 176 . .
Average....... 175| 264f 487 or7) 1,982 3,420/ 2,104 838 53
Average, run- {

off acre-feet [10, 760{14, 982129, 944i54, 565121, 8681203, 504129, 370/51, 465(32, 073

Averagerun-off per square mile.

a Incom plete; record not included in average.

Duration of flow (number of days in the year) of St. Mary River near Lethbr idge, Alta.,

1911-1917.
| 1 d
Flow (seeond-feet). 1911 | 1012 | 1913 | 1914 | 1915 | 1916 | 1917 | Total. ""a‘;gf‘
I

X R RUSPRUUNUROUN PSRN SO PR RSN S S 1 AU SRS W IPSR
7,000.. 1
6,000. 2
5,000. 2 6
4,000. 3 12
3,000. L8 18
2,000. 9 9 34
1,900- 7 60 45
1,800, 37| 64 50
1,700, 1 0 70 55
1,600 1 2|7 62
1,500, 5, 58 [ 82 67
1,400. 51 75 8T on
1,300. 6! 79| 100 76
1,200. 6: 86| 1021 851 111 86
1,100. 7] 94 12| 89 12 %
1,000. 7| 106 | 135| 119 138 106
%00. . 8| 120| 137 | 133 | 16 117
800, 9] 134] 138 141 199 132
700. . | 1| 10| 2| 227 149
600. 13| 15F | 157 | 154 | 242 154
500. . 3¢ | 178 | 176 | 202 | 257 173
400. 41| 230 | 189 215| 269 206
10 SRR 50| 253 | 223 | 228 | 282 | 210
200 - Ll iiimaeieiaieianeiae 79| 200! 261 | 365 310 ‘ 254
L PN 80 358 | 328 | 350 | 365| 366! 334 2,18 | 3H

1 MR ORI ... 80| 358| 365| 365|.365| 366 334

| 2,233 319
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STATIONS ON TRIBUTARIES.
SWIFTCURRENT CREEK AT MANY GLACIER, MONT.

Locarion.—In sec. 12, T. 35 N., R. 16 W., at outlet of McDermott Lake, at Many
Glacier, in Glacier National Park, about 14 miles southwest of Babb, in Teton
County. (See Pl. VI, 4.)

DRAINAGE AREA.—31.4 square miles (measured on Glacier National Park topo-
graphic map).

RECORDS AVAILABLE.—June 6, 1912, to December 31, 1917. .

GAcE.—Vertical staff on shore of lake about 75 feet from right end of outlet; prior to
May 22, 1916, a staff gage on lake shore near left end of outlet.

DiscHARGE MEASUREMENTS.—Made by wading at outlet of lake or below the falls;
high-water measurements made from kighway bridge above power house; section -
at bridge is very poor. From 1912 to 1914 high-water measurements were made
from a cable at outlet of lake.

CHANNEL AND CONTROL.—Limestone outcrop at outlet of lake; just below the control
is a cataract. (See Pl. VI, 4.) Movement of a few small boulders scattered over
the control is the only cause of change in rating curve.

EXTREMES OF DISCHARGE,—Maximum stage recorded, 4.75 feet June 17, 1916 (dis-
charge, 1,530 second-feet); minimum discharge recorded, 8.7 second-feet April 1,
1913, by current meter measurement. The gage read 1.30 feet, but the stage-
discharge relation was affected by ice.

Icr.—Stage-discharge relation very little affected by ice.

Diversrons.—None.

RecuraTion.—None.

AcouracY.—Stage-discharge relation permanent except during an occasional period
of high water when gravel and small boulders may lodge on control. Daily
discharge ascertained hy applying mean daily gage height to rating table.
Records considered good.

Discharge measurements of Swiftcurrent Creek at Many Glacter, Mont., 1912-1917.

Gage Dis- Gage Dis-

Date. Made by— height.| charge. Date. Made by— height. | charge.

1912, Feet. | Sec.-ft. 1915. Feel. Sec.—lft.
June 6| W.A.Lamb........... 2.53 280 July 17 | B.E, Jones............ 2.06 14
Aug. 8 |..... [« 2.06 117 Aug. 11 | Lamb and Hoyt........| 2.14 160
Dec. 15 |..... [ U R 1.39 26

. 1916.

1913. Apr. 24 1.59 57
Apr. 1 |..... Aol 1.30 8.7 || June 9 3.20 597
June 26 |.....do.................. 2.93 456 25 3.30 725
July* 30 |..... ¢ L S 2.39 227 July 17 2.85 534
Aug. 22 | Lamb and Hoyt........ 2.13 122 Aug. 17 2.19 180

1914, 1917,

May 22 | W. A, L:_).mb ........... 2.8 381 Apr. 14 |, [ L 1.48 19.6

NotE.—Dec. 15, 1912, ice at gage and along banks. Apr.1, 1913, and Apr. 14, 1917, stage-discharge relation
affected by ice. .
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Daily dizcharge, in second-feet, of Swifteurrent Creek at Many Glacier, Mont., 1912-1917.

Day. June.|July.| Aug. | Sept.| Oct. | Nov. Day. June.| July.| Aug. | Sept.| Oct. | Nov.
84
84
84
84
84
68
68
68
68
68
68
68
68
68
68
Nov. { Dee.
76 62
76 62
85 62
94 62
9 62
87 62
84 62
78 64
73 65
88 66
62 68
62 59
82 50
62 50
62 50
67 50
71 50
76 50
76 50
76 50
76 50
73 50
71 51
68 52
66 54
J 64 55
! 62 54
62 52
62 51
62 50
........ 49
Day Apr. | May. | June Day. Apr. | May.| June Day. Apr. | May. | June.
1914,
84 | 186 445 355 18811 21............ 155 | 436 418
841 178 500 382 172 1 22............ 155 | 378 354
84 | 200 590 324 181 (1 23.... ... ... 155 | 391 290
84 | 250 364 319 || 24 ... 172 1 364 225
84 | 200 665 418 400 |/ 25.. ... ... 188 | 540 188
84 | 226 500 {1 16............ 127 | 475 400 11 26............ 206 | 540 155
84 | 250 378 127 ; 530 445 (1 27. .. ..., 225 | 490 238
275 288 127 | 580 445 [ 28... .. ..., 225 78, 256
84 | 300 225 155 | 490 490 || 29.. .. ... ... 188 | 378 335
103 | 325 188 155 | 445 540 1| 30............ 188 gg;iv 314
j F:3 IR RPN B 11 B DO
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Daily discharge, in second-feet of Swiftcurrent Creek at Many Glacier, Mont., 1912~1917—
Continued.

Day. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. { Dec.

406 177 125 92

715 292 410 59 1 52
715 315 185 58 68 48
75 242 138 58 65 47
688 201 156 55 63 46
715 185 149 55 62 46
660 193 133 53 60 45
535 204 116 53 60 44
510 197 112 54 60 44
485 197 97 58 44
460 238 97 62 55 42
485 260 o4 63 55 42

208 99 60 53 40
362 182 95 56 54 40
338 168 92 55 54 40
315 193 82 56 53 41
292 216 79 58 53 40
269 216 79 60 53 36
260 224 82 62 54 35
251 208 81 63 53 37
242 185 79 63 54 39
233 178 76 64 56 42
212 178 73 65 58 44

168 {....... 65 f...... 40
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. 1
Daily discharge, in second-feet, of Swiftcurrent Creek at Many Glacier, Mont., 1912-1917— -

Continued.

Day. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. yov. Dec.
48 292 525 152 112 70 63 55
47 270 545 149} 112 87 67 54
48 445 570 144 107 67 68 55
45| 410| 570 133 101 63 70 55
46| 415| 545 128 94 62 73 54
47| 485] 555 128 86 60 71 53
55 580 138 73 60 70 53
76 759 520 128 78 60 68 52
97 | 1,160 525 128 84 59 71 52
133 11,020 ( 525 133 81 58 68 48
228 610 125 84 58 65 47
315 510 460 138 90 55 63 46
440 | 386 450 | 149 84 55 62 46
580 435 386 159 86 53 60 45
908 470 376 159 92 53 60 44
610 | 8 372 159 97 54 60 44
600 | 1,110 { 381 165 107 58 58 44
400 372 168 105 62 55 42
362 715 391 172 101 55 42
343 676 | 391 175 95 60 53 40
353! 6151 410! 172 95 56 54 40
348 635 343 168 95 55 54 40
400 | 570 | 329 159 95 56 53 41
485 475 292 152 107 58 53 40
575 671 274 141 103 60 53 36
585 ¢ 676 260 133 90 62 54 35
575 655 220 130 92 63 53 37
595 595 212 125 97 63 54 39
570 | 575 201 125 97 64 56 42
450 515 193 121 92 65 58 44
362 i....... 172 116 |....... 65 [ ..... 40

NoTE.—1913: Discharge July 6-31 estimated at 270 second-feet.

1914: Discharge estimated Apr. 1-4, May 1-11, and June 27-30.

1915: Discharge estimated Nov. 27-30.

1916: Discharge estimated Mar. 1-4 and June 1-3. No gage readings May 5 to June 3.

1917: Discharge estimated Apr. 1-13. .

All estimates made by comparison with records of flow of Swiftcurrent Creek at Sherburne Lake.

Monthly discharge of Swiftcurrent Creek at Many Glacier, Mont., 1912-1917.
[Drainage area, 31.4 square miles.]

Discharge in second-feet. Run-off.
Month. Per Depth in Total
. .o inches on (1] n
Maximum, | Minimum. | Mean. sg;ﬁxere drainage | acre-foet.
area.
1912
706 266 431 13.7 12,75 21, 400
364 155 230 7.32 8.44 14, 100
155 103 126 4.01 4,62 7,750
103 68 87.5 2.79 3.11 5,210
84 68 69. 0 2.20 2.54 4,240
68 68 68.0 2.17 .65 1,080
Theperiod... ... .o aie e 53, 800
1913.
17.1 10.18 17,100
21.9 24.43 40, 900
10.1 11.84 19, 400
6.11 7.04 11,800
3.60 4,02 8,720
311 3.58 8,000
2.29 2.58 4,270
L77 2.04 3,420
................... .ae 109,610
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* Monthly discharge of Swiftcurrent Creek at Many Glacier, Mont., 1912-1917—Continued.

Discharge in second-feet. Run-off.
Month. Per Depth in Total i
. P meches on otal in
Maximum. | Minimum.| Mean. sgllhaere drainage | acre-feet.
* area.

7,910
22, 600
21, 400
51,910
7.83 1.75 2,930
10.0 11.53 19,300
11.0 12.27 20, 600
7.13 8.22 13,800
4.87 5.62 9,410

3.98 4.44 7
3.79 4.37 7,320
2.52 2.81 4,710
...................... 85, 510
1.37 .61 1,030
1.72 1.98 3,310
2.65 2.96 -4, 040
5.80 .86 1,440
............ 24.2 27.0 45,200
............. 35 16.5 |- 19.0 31,900
ugust.......... 315 168 6. 59 7.60 12,700
September 688 73 204 6. 50 7.25 12,100
October......... 70 53 60.1 1.91 2.20 3,700
60.7 1.93 2.16 3,610
45,3 1,44 1.66 2,790
.......... TR IS 123,000

46 1.46 .92 1,
346 11.0 12.68 21, 300
613 19.5 21.76 36, 500
402 12.8 14.76 24,700

144 4.59 5.29 8,
94,4 3.01 3.36 5,620

81.2 2.59 2.99 4,
55.7 1.77 1.98 3,310
70. 4 2.24 2.58 4,330
.......... t 111, 000

Mean monthly discharge, in cecond-feet, of Swiftcurrent Creek at Many Glacier, Mont.,

1912-1917.
[ Total
Year. Feb. | Mar. | Apr. ; May. | June.| July.| Aug.| Sept. | Oct. | Nov. | Dec. ir; a%re-
eet.
a431 230 126 | 87.5 | 69.0 [268.0 |....... 53,800

687 1 316 | 192 | 113 97.6 | 7.8 55.6 1}0,888

51
346 | '224'1 153 | 125 | 119 79.2°| 85, 500
. . 37| 123,000
613 | 402 | 144 | 94.4| Sl.2| 55.7| 70.4| 111,000

Average...........l...... .l 533 | 338 | 164 . T
Median R R 522 1 316 153

Maximum. R T O S 759 | 519 207

Minimum. ... fooo e 346 | 224 | 126

. a June 6-30. ¢ May 16-31. e Feb, 18-29. g Apr. 14-30.
i b Nov. 1-8. d Apr. 25-30. f May 1-4.

NoTE.—Average not computed if Jhe monthly mean was not available for five years of more. Means
for periods of 16 days or over assumed mean for the month. Means forless than 16 days notincluded when
computing average and median values. The totals in acre-feet were not averaged recause the records
covered different periods in different years. The medians given were obtained by arranging the monthly
means in their order of magnitude and taking the middle mean, or, if the number wag even, the average
O‘f) éh,e tgvo middle means. By using daily discharge a somewhat lower median dlscharge would be
obtained. N
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SWIFTCURRENT CREEK BELOW SHERBURNE LAKE DAM, MONT,,

LocarioN.—In sec. 35, T. 36 N., R. 15 W., near outlet of Lower Sherburne Lake; in
Teton County. (See Pl. VI, B.)

DRAINAGE AREA.—64 square miles (measured on topographic map of Glacier National
Park.)

REecorDs avarasre.—July 1, 1912, to December 31, 1917,

Gage.—Staff gage on left bank about 300 feet below the spillway of Sherburne Lake
dam; read by employees of the United States Reclamation Service. From July 1
1912, to November 9, 1914, a vertical staff gage was maintained on the left bank
near the outlet of the lake, and at a datum different from that of the present gage.

Di1scHARGE MEASUREMENTS.—Made by wading or from cable 50 feet below gage.

CHANNEL AND CONTROL.—An outcropping limestone ledge, somewhat broken and
irregular, forms the control, and is subject to small changes. A landslide caused
by the building of the dam has forced out the left bank a foot or so into the river
channel.

ExXTREMES oF DpISCHARGE.—Maximum stage recorded, 7.85 feet June 17, 1916 (dis-
charge, 2,280 second-feet); minimum stage, no flow December 22-28, 1917, owing
to storage in reservoir above.

Ice.—Stage-discharge relation not seriously affected by ice.

Diversions.—None,

REecuraTioN.—The natural flow of the stream was affected from 1915-1917, by placing
and removing flashboards on the temporary dam built at the outlet of the lake in
connection with the construction of the Sherburne Lake storage dam.

Accuracy.—Stage-discharge relation not permanent, owing to small movements of
the gravel at the control during high water. A landslide, first noticed in 1917, has
changed the control. Discharge measurements indicate the time and amount of
the effect on the rating curve. Flow partly regulated by operation of gates.
Records good.

Discharge measurements of Swiftcurrent Creek below Sherburne Lake dam, Moni., '1912—

1917.
G Dis- Gage | Dis-
Date. Made by— height. | charge. || Date- Made by— beight. | charge.
1912, Feet, | Sec.-ft. 1915. Feet, | Sec.ft,
July 1| R.R.Randell....,.... 4,42 453 || Aug. 11 | Lamb and Hoyt....... 2.64 222
Aug. 15| W, A. Lamb........... 3.10 151 | Oct. 4 W.A.Lamb........... 3.10 309
Sept. 18 [..... 0. enennnnnnnins 2.7 103 d : . 71
Dec. 15 ... A0.eiveia i) 2,53 47
1913 32.6
June 11 1,180 37.6
26 642 3.8
July 30 340 384
Sept. 15 99 kel
584
1914. 252
Mar. 14 40 132
May 21 565 58
July 19 276
ept. 9 135
Nov. 7 503 50
Dec. 16 47 970
914
1915. 636
Apr. 23 387 515
May 25 298 154
June 21 461 85
July 18 221

. NOTE.—1912: Sept. 18, gage height affected by wave action. Dec. 15, stage-discharge relation affected by
ice.

1914; Sept. 9, stage-discharge relation affected by obstruction of channel due to excavation for Sherburne
Lakedam. Nov. 7, gage height refersto old gage, and is affected by backwater from Sherburne Lake dam.
Gage heights ofsubsequent measurements refer to new stafl ggge below the dam.

g stage-discharge relation affected by drift on control. .
in% 91t7;l Sféag&dxscharge relation affected by gradualslipping of right bank, which moved owt about a foot
0 the stream,
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Daily discharge, in second-feet, of Swiftcurrent Creek below Sherburne Lake dam, Mond.,

1912-1917.
Day. July.[ Aug. | Sept.| Oct. | Nov.| Dec. Day. July.} Aug. |Sept.| Oct. | Nov. | Dec.
449 1 266 | 120 80 76 71 158 | 132 76 | 103
449 | 254 138 77 72 70 166 | 114 84
407 1 254 | 138 72 69 69 166 93| 120 80
353 | 266 | 138 74 66 68 151 93 | 138 84
353 | 266 | 132 75 69 67 138 | 103 \ 138 1 103
{
6. ..., 353 222 126 77 70 66 138 | 103, 144 126
Teeeiaaenn 328 | 192} 126 78 72 65 144 93 | 132 1i4
- T 302 | 183} 126 76 80 64 158 93 | 144
b J 302 1 174 | 144 77| 103 63 166 93 | 120 83
10.......... 290 | 174 | 166 77| 132 62 166 84 | 114 98
... 302 174 174 76 | 132 59 166 84 93 88
2. ... 353 | 166 | 174 751 114 56 151 84 88 78
13.......... 353 | 158 166 73 | 120 53 138 84 93 76
Moo ..| 366 | 158 | 174 69 | 114 50 126 84 | 103 72
15, ... 328 | 151 | 151 70 | 114 47 126 80 93 70
98 |...... 88 1......
Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
1,500 | 1,140 315 151 84 128 61
1,450 ; 1,000 319 151 84 118 61
1,360 539 324 151 84 108 61
1310 508{ 328| 15t 8¢ 96 63
1,270 | 478 | 334 151 84 84. 64
1,220 471 340 151 84 96 66
1,180 464 353 148 84 108 65
1,160 456 366 144 84 120 64
1,140 449 360 141 87 106 62
1,100 459 353 138 90 93 61
1,050 468 346 136 93 88 61
1,030 478 340 134 130 84 61
1,010 464 340 132 166 89 62
983 449 340 129 194 93 64
957 430 340 126 222 98 62
930 412 340 112 198 100 61
910 393 328 98 175 103 61
891 380 315 93 151 94 61
891 366 290 89 127 84 61
891 340 266 84 103 87 61
21.. 878 315 229 86 100 90 61
22 866 290 192 88 98 93 61
23 853 266 179 90 118 85 61
24 853 258 166 91 138 77 61
25 853 | 251 | 163 93| 166 76 61
26. 975 243 161 88 194 74 61
21 1,100 254 158 84 222 71 61
28.. 1,220 266 156 84 202 69 61
29, 1,200 207 153 84| 183 66 61
30. 1,180 328 151 84 160 64 61
31.. veesss. 322 151 f....... 138 I....... 61
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Daily discharge, in second-feet, of Swiftcurrent Creek below Skerburne Lake dam, Mond.,
1912-1917—Continued.

Day. Jan. | Feb.

Mar.

Apr.

May.

June.

July.

Aug. | Sept.

Oct.

Nov,

BRREE

BRNY

19| 200
196 155
19 1

190 1

155 140
40| 140
15| 126
155 136
48| 1%

148 1
8.5
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Daily discharge, in second-feet, of Swiftcurrent Creek below Sherburne Lake dam, Mont.,
1912-1917—Continued.

Day. Jan. | Feb, | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
65 | 105 349 293 | 1,130 260 210 65 56 30
60 [ 100 303 251 | 1,170 270 375 65 65 34
551 93 - 303 272 | 1,350 270 494 65 65 38
50| 93 373 413 | 1,350 230 526 70 76 39
411 87 590 732 | 1,220 220 766 76 70 42
41| 87 766 770 | 1,000 230 730 58 70 45
331 93 922 695 830 220 558 56 81 45
411 106 770 590 880 220 158 56 70 43
551 120 624 770 920 281 29 56 81 39
65 | 135 440 846 960 | ' 349 100 56 76 38

106 | 158 362 846 960 349 150 56 58 35
135 | 166 104 846 | 1,260 303 166 56 51 33
201 | 183 293 770 | 1,130 260 158 58 54 32
183 | 55 293 770 433 230 158 48 60 32
166 | 150 212 846 349 220 142 56 210 30
150 | 201 194 846 526 230 135 46 349 29
150 | 210 177 | 2,250 590 230 128 42 281 |y 27
135§ 201 186 | 1,860 303 113 46 166 27
120 | 250 231 { 1,860 558 303 113 56 113 27
142 | 240 3151 1,770 433 281 106 76 81 29
201 | 183 362 | 2,000 403 281 106 106 66 29
192 | 166 387 | 1,680 403 250 106 9 54 29
183 | 150 338 960 349 230 100 7 51 28
166 | 106 293 730 325 230 120 7 42 27
150 4.0 293 880 325 250 113 9 42 26
166 4.4 272 | 1,000 325 270 113 12 42 26
158 4.5 251 | 1,080 349 270 87 18 38 25
142 | 65 251 | 1,260 326 250 93 34 36 24
128 | 349 293 | 1,400 281 240 81 70 32 24
120 | 403 315 | 1,310 260 230 70 54 34 21
106 f....... 203 |....... 260 220 f....... 60 |....... 21

:
g
B
<
g
&
8
B
8 SRBBE KESEE FXFEE UYLEK

29 |....... 678 |....... 218 12 |.......

No1e.—1912: Dec. 2-15, stage-discharge relation affected by ice; discharge estimated.
1914: Sept. 13-30, discharge estimated 125 second-feet per day. ) .
1915: Nov. 15-19, stage-dischargerelation affected byice on control; dischargeinterpolated. Rise Nov.25
(tiugl to removal of flashboards on dam. Dee. 15 gage frozen in. See also footnote to monthly discharge
ables. -
The following are observer's notes relating to flashboards on a temporary dam above the gage.

1915. 1916.
May 30. Putin flashboards, Apr. 24. Water shut off by board on dam.
June 11. Notes simply “flashboards.’”” 28. Boards taken off in p. m.
Aug.25. Putin flashboards, _ May 12. Boards put on dam a.m.; removed p.m,
Sept.15. Putin flashboards. Sept. 8. Boards put on dam.
18. Removed flashboards. Oct, 21. Flashboards removed a.m.and replaced p.m.,
21. One flashboard in. Nov. 15, Flashboards removed p. m.
Nov. 14. Flashboards removed. 1917.
25. Flashboards removed. May: 3. Flashboards put on dam.
1 8. Flashboard removed.

1916,
Apr, 14. Board put on dam., 12. Morc flashboards removed,
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Monthly discharge of Swiftcurrent Creek below Sherburne Lake dam, Mont., 1912-1917.

[Drainage area, 64 square miles.]

Month.

Discharge in second-feet.

Run-off.

Maximum, | Minimum.

Mean.

Depthin

Per | jnches on

drainage
area.

Total in
acre-feet.

1913.

November.
December. .

The period..................

1915.

September. ......
October .

1917.

Ty xT)
~BEIRADY

S
w
——

5,
2,470

149,00

NoTE.—Flow of stream partly controlled beginning with 1915 and “second:
“run-off depth in inches’” not computed. June 1-30, 1915, a total of 1,560 acre
Sherburne Lake by a temporary construction dam; 134 aere-feet was stored Aug. 25 to Sept. 18 and was
released Sept. 18-20, 1915. Small quantities were stored at other times as shown by the footnote to the
table of daily discharge, and the total flow Dec. 22-28, 1917, was stored.

123678°—20——©6

-feet per square mile’”’ and
-feet of water was stored in
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Mean meonthly discharge, in second-feet, of Swifteurrent Creek below Sherburne Lake
dam, Mont., 1912-1917.

Total in
Jan. | Feb. | Mar. | Apr. | May. | June.} July. | Aug. | Sept.] Oct. |Nov. | Dec. z}crg-
. et

o Dec. 1-15. b Apr. 18-30. ¢ Apr. 24-30. @ Dec. 1-15. e Feb. 6~29,

NoTE.—Average not computed if the monthly mean was not available for 5 years or more. The totals
in acre-feet were not averaged because the records eovered different periods in ditferent years. The median
flow given was obtained by arranging the monthly means in their order of magnitude and taking the middla
mean, or, if their number was even, the average of the two middle means. By using daily discharge a
somewhat lower median discharge would be obtained.

SWIFTCURRENT CREEK NEAR BABB, MONT.

Locarion.—In sec. 28, T. 36 N., R. 14 W., near Babb, Mont.

DrAINAGE AREA.—101 square miles (at site of gage last used).

REcORDS AVAILABLE.—April 8, 1902, to May 13, 1910.

GaeE.—A wire gage about half a mile above mouth of creek used from April 8 until
washed out by high water in June, 1902; it was replaced July 30, 1902, at a point
1,800 feet above the first site. Gage was again moved September 27, 1902, to a
place 900 feet farther upstream, where it remained until destroyed by flood June
5,1908. July 26, 1908, the gage was replaced 100 feet farther upstream. ’

DiscHARGE MEASUREMENTS.—Made from a cable or by wading. .

CHANNEL AND coNTROL.—Bed composed of cearse gravel and boulders. Control
shifted at high stages.

EXTREMES OF DISCHARGE.—Maximum stage recorded, 6.0 feet June 21, 1909 (discharge,
3,360 second-feet); minimum stage, 1.6 feet February 21-28, 1906 (discharge, not
computed).

Ice.—Stage-discharge relation usually affected by ice during the winter months.

Diversrons.—None.

| RE¢urATION.—None.
! Accuracy.—Stage-discharge relation permanent except at high stages. Prior to
September, 1907, observer not reliable. Records fair.
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Discharge measurements of Swiftcurrent Creek near Babb, Mont., 1902-1910.

Gage | Dis- Gage | Dis-
Date. Made by— height. | charge. Date. Made by— height. | charge.
1902, Feet. | Sec-ft.|| 1905. Feet. | Sec.-ft.
Apr. 1,50 67 || Apr. 26 | Stockman and Morse...| 3.40 530
1750 68 y 29 | H. M. Morse...... P 3.39 495
July 2.50 418 || June 17 3.45 564
Aug. 2.40 338 || July 18 3.15 423
2.22 254 20 3.11 392
Sept. 1.04 170 || Aug. 11 3.03! 357
Sept. 1.85 113 || Sept. 6 2.38 170
2! 2.05 163 23 2.23 85
Oct. %820 {gg Nov. 17 2.12 64
: 1906.
1.70 101
I o Al
ay . 5
Aug. 18 | Morse and Hartman....| 2.73 233
Mg?& 0 " 987 430 || Sept- 14 | Richardsand Hartman| 2.38 | 146
T 3 5.40 | 2,4 1907,
ume o1& 7 1j547§ Mar. 21 | W.S. Hanna........... 2.18| 120
26 (..... 4.35 1,260 || May M | J. E. Stewart. ‘ 3.7 612
July 31..... 3.90 1,030 || June 6 | J. B, Pierson.. 4.85 | 1,460
9. 3.85 964 || July 3 |..... 0..... 4.85 |1,
18 |. 3.50 745 || Aug. 9 |..... do........... N 3.45 375
25 |. 3.50 718 || Sept. 6 | Follansbeeand Pierson.| 3.38 350
Aug. 1]..... 3.20 500 | Oct. 26 | L. R. Stockman........ 2.60 104
8 3.10 411 1908,
15 . 3.10 407 1l Apr. 18| A. F. Huch............ 3.52 | 357
22 1. 3.00 358 3.45 | 408
27 |. 3.10 3.12 | 250
(S)erit 23 - ;330 2.80 | 134
ct. . X . 8
0l .70 2.67 95.8
17 |..... 2.90 4.83 | 1,800
4.23 | 1,220
1904. ’
May 9| L.R.Stockman........ 3.10 5.9 ‘l’g
June 8 | W, B. Freeman........| 4.51 2,67 129
July 12 | Robert Follansbee....[ 3.66 2‘76 147
29 | W. B, Freeman.... 3.07 387 .
Sept. 2 |..... Oueeanncnan 2.45 201
Nov. 18 [ L. R. Stockman........ 1.80 36 3.75 382

NotE.—May 12, 1906, meter out of order; result probably low. Mar. 21, 1907, ice along both banks.
Daily discharge, in second-feet, of Swiftcurrent Creek near Babb, Mont., for 1902-1910.

June. | July. { Aug. | Sept. ’ Oct. (Nov. Dec.

1,799 | 800 | 412 156 128
1,577 | 9671 356 190 | 128
1,244 [ 1,799 | 356 | 190 128
967 | 2,900 | 356 | 156 ] 128
856 (2,520 | 301 | 190 | 108
654 | 2,021 | 301 412| 128
745 | 1,799 | 245| 356 128
745 | 1,633 | 100 | 190 | 128
967 1,133 ] 190 | 190 | 128
1,133 [ 800 | 336| 190 128

245 301 245 108 92
967 412 245 156 7!
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Daily discharge, in second-feet, of Swiftcurrent Creek near Babi), Mont., 1902-1910—
Continued.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.

52 250 | 1,915 | 1,030 475 370 420 190 136
45 285 1 2,210 880 420 325 420 190 219
45 219 | 2,540 955 475 285 370 162 +~ 190
45 250 | 2,360 880 420 285 325 162 162
45 285 | 2,360 955 370 285 325 190 136

S ) P 45 325 | 2,450 955 370 250 | - 285 190 162

370 |....... 29 |....... 162
338 250 100 50 19
338 226 100 50 19
338 225 100 32 15
338 200 100 32 15
338 200 126 22 19
338 200 126 22 38
338 200 100 22 38
338 200 100 22 38
338 176 100 22 38
304 176 76 22 38
304 176 76 22 38

338 126 K 38
338 126 76 63 25
338 126 50 113 19
304 126 50 113 19
304 100 32 113 19
276 100 22 88 19
226 100 32 88 19
200 100 50 38 19
200 100 50 25 19
200 100 50 25 19
100 76 19 19
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Daily discharge, in second-feet, of Swiftcurrent Creek near Babb, Mont., 1902-1910—

Continued.
Day. Jan. | Feb, | Mar. | Apr. | May. | June. | July. Aug. | Sept. | Oct. | Nov. | Dec.
88 38 300 600 340 130 190
113 38 300 950 | 600 340 130 300
163 63 1,025 600 340 435
163 63 260 | 1,255 665 340 130 665
163 63 1,255 665 300 105 665

163 88 225 | 1,255 665 300 105 600
163 88 225 | 1,255 600 300 105 540

88
188 113 340 | 1,175 600 300 105 340
188 138 340 | 1,100 600 300 105 300

213 163 435 1 1,025 600 300 105 300
163 163 385 875 540 300 130 225
113 163 385 800 485 300 105 225
113 163 385 730 485 300 105 190

113 138 340 665 435 260 105 190
63 138 340 800 435 260 105 190

63 138 435 485 385 190 80 160
485

63 163 665 485 385 160 44 160 60 |..eonee
63 557 540 485 385 160 60 190 60 {...... N
63 686 540 485 385 160 60 190 60 }.......
63 567 540 485 385 160 105 225 [ P
63 400 540 485 385 160 105 225 60 |..o....
63 355 540 540 340 160 130 190 60 |-ca-.--
38 320 540 540 340 130 130 190 ooiooi]eeentes
38 [....... 540 |...-.-. 340 130 feennnes 160 [.oeeinfenennes

32 260 385 600 485 190 190 190 260 60
32 260 485 665 485 160 225 190 260 60
30 260 540 800 485 160 225 225 300 44
30 225 665 875 485 160 190 225 300 44
30 225 665 | 1,025 435 160 160 225 300 44
30 190 665 435 160 130 225 340 4
30 225 730 730 385 190 130 225 340 44
30 225 730 600 385 190 130 225 385 44
30 260 600 600 340 190 105 225 485 44
30 260 540 540 340 190 105 225 435 44
30 300 385 540 340 190 105 225 385 44
30 300 385 485 300 225 225 385 32
30 340 435 485 300 225 80 300 340 32
30 485 435 485 300 260 80 340 340 22
30 600 485 485 260 260 80 340 300 22
30 600 485 485 260 260 80 435 260 22
30 600 485 485 260 300 80 665 260 22
32 540 485 540 260 300 105 730 260 16
44 540 485 540 225 300 105 875 225 16
44 485 485 540 225 105 875 190 16
44 485 485 600 225 260 105 874 190 16
60 435 485 600 225 260 130 730 190 16

3. ... vevvenahedia b 60 ass b 225 260l 600 1Ll 16
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Daily discharge, in second-feet, of Swgt

current Creel near Babb, Mont., 1902-1910~—

ontinued.

Day. Jan. | ¥Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. { Nov. Dec
166 415 470 280 82 51
415 470 242 82 51
415 470 242 82 51
415 415 242 82 51
415 415 208 82 39
415 366 208 82 39
415 366 208 82 39
415 366 208 82 39
415 321 208 65 39
415 321 208 65 39
470 321 177 65 39
415 366 177 65 51
415 366 149 51 51
366 366 149 51 51
366 366 149 51 51
366 3 149 51 51
321 366 149 51 51
321 366 149 51 51
321 415 124 51 29
280 415 124 51 29
280 4156 124 51 29
280 366 102 51 29
280 4156 102 51 29
242 415 102 51 29
242 415 102 51 39
321 415 102 51 39
366 366 102 51 39
530 366 102 51 39
530 366 102 51 39
530 366 82 51 39
590 |....... 82 1....... 39
2 133 118 165 |.......
23 118 118 | | 165 .
200 104 118 165 |..---..
200 104 118 133 f..-....
200 104 104 133 |.......
182 104 104 ugi.......
182 118 104 118 [P
165 118 97 18 [..-....
149 133 97 104 |.......
133 133 104 104 |.......
133 133 104 80 f.iaenns
165 133 104 701 ...
165 133 104 61 [.......
182 118 133 61|.......
165 104 165 61 |...... .
149 104 182 80 {.......
149 118 200 70 f.......
133 133 239 700 ......
165 149 239 70 0.......
200 133 380 8 |.......
220 133 551 80 1.......
220 133 434 70 .......
200 133 354 701 ...
200 133 282 61].......
165 118 282 61].......
165 104 329 6L . ......
133 104 282 61 1. .....
133 104 282 61 ......
118 80 239 61 .......
133 80 239 61 |.......
1B, 239 L. R,
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Daily discharge, in second-feet, of Swi

teurrent Creek near Babb, Mont., 1902-1910—

ontinued.
i
Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dee.
|

1,780 | 250
1,560 260
1,040 | 270
995 250
700 240
500 240
460 250
430 260
415 250
400 230
375 200
350 180
350 155
350 130
350 126
340 122
340 118
330 132
330 145
320 13%
320 130
310 130
300 130
290 124
280 118
270 112
260 105
250 95
250 100
250 105
250 f.......

110 | 370 |...,..

10§ 370 |..... .

130§ 370 i......

1301 460 |......

1851 670 j......

240 { 750 (......

290 630 {......

3401 520 |..... .

290§ 520 (......

290} 670 |......

240 1 890 |......

205 {1,030 {......

205 11,030 |......

165 | 890 |......

165§ 670 {......

165 foeernafennnn.

Nore.—1902: No gage heights reported Apr, 1-7: discharge estimated.

1803: Stage discharge relation possibly affected by ice but o
discharge Jan. 1 to Mar. 31; affected by ice, discharge estimas

discharge estimated.

i

en-channel rating curve used to determine
ed, Dec. 11-31. Gage washed out June 8-16;

1904: Stage-discharge relation affected by ice Jan. 1-11, Jan. 20 to Apr. 4, and De.. 22-31. Daily discharge

June 1 to Dec. 31 recomputed

ted.
1905: Stage-discharge relafg‘on affected by ice Jan. 1 to Feb. 24 and Nov. 26 to Dec. 31. Daily discharge

Jan. 1 to Apr. 30 recomputed.

1906: Stage-discharge re!

discharge for March revised in accordance with discharge measurement made

lation affected by ice Jan. 1 to Feb. 20 and Mar, 11-25.
1907: Stage-discharge relation affected by ice Jan. 1 to Mar. 31. Originally

o St. Mary River at dam site Mar. 20 and Mar. 30,

1908: Stage-dischargerelation affected by ice Jan. 1 to Mar, 31 and Nov. 29 to Dec. 31.

discharge for January, Feb:

discharge interpolated.

feet.

,» March,

ublished estimate of mean
at. 21, and measurements

Estimates of mean

ovember, and December, 1908, have been revised in accordance
with estimated discharge of 8t. Mary River above Swiftcurrent Creek. Gage washed out June 4and new
oneinstalled July 26 at different section; mean discharge for June and daily discharge July 1-25 estimated.
1909: No gage heights reported June 27 to July 7 and Aug. 5 to Sept. 13, 1909; discharge estimated. There
were also many single dag)s and periods of two or three days for which gage heights were missing and
i ischarge for 1909, especially that for May, appears high when compared with the
discharge of St. Mary River above Swiftcurrent Creek; both gages read by the same man; records at both
stations somewhat doubtful. .
1910: Stage-discharge relation affected by ice Jan. 1 to Mar. 12; discharge Mar. 1-12 estimated at 55 second-

For full months in which the stage-discharge relation was affected by ice estimates appear in the tables
of monthly discharge; for parts of months the daily discharge or the monthly mean discharge was estimated.
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Monthly dizcharge of Swiftcurrent Creek near Babb, Mont., 1902-1910. .

[Drainage area, 101 square miles.]

JanuAry.e. ..ol

February.
March... .

September

October. ... ........ o

November

Decembera ..o womeneoos

RE TN O
Augusteeeo oo
September...........
Octo

Januaryee. . c.ooieiiiiiiiaiiiit

February............ e

Marcheee...vun....

July....
Augustee.........

September.
October. .
November

December..............o.ool

Marcheee....ooo.... L

April.
May..
June.

Angust...
September.. ..
October. ......
November. ...

Pecembera .o coveeeieieiiinan.

Discharge in second-feet. Run-off.
Per }Degth in Total i
Maximum. | Minimum. | Mean. S(}.E?ge 13&&3;2 Aot o egt:,l.
area.

1.20 8,485
1130 60,811
9.71 52, 360
9.55 51,404
3.15 16,971
1.85 9,996
121 6,317
.73 3.927
............ 208, 000
50 .50 .58 3,074
46 .46 .48 2, 655
........................ 50 50 58 3,074
325 40 100 .99 1.10 5,950
1,180 162 465 4.60 5.30 28, 592
2, 1,180 | 1,%85- | 18.66 20.82 112,165
1,105 4 708 7.01 8.08 43,532
475 325 389 3.83 4.44 23,918
i,340 190 421 4.17 4.65 25,052
53 190 277 2.74 3.16 17,033
740 112 256 2.53 2.82 15,233
219 136 166 1.64 1.89 10, 237
2,630 40 401 3.97 53.90 290, 385
................... 50 .50 .58 3,070
4 L4 143 2,300
................... 40 ~40 .26 2,460
280 2.77 3.09 16, 760
749 7.42 8.55 46,100
900 8.91 9.94 53,600
519 5.14 5.93 31, 900
338 200 292 2.89 3.33 18,000
250 100 151 1. 50 1.67 8,980
126 22 75.9 . 751 .87 4,670
113 19 42.0 .416 .46 2, 500
38 19 2.4 242 L8 1,500
1,500 Jo..oiiials 264 2.61 35.59 191, 760
........................ 20 .198 .228 1,230
........................ 20 .198 . 206 1,111
213 38 108 1.07 1.23 6, 640
636 38| 190 1.88 2.10 11,300
730 225 433 4.29 4.95 26, 620
1, 255 435 781 7.73 8.62 46, 470
665 340 483 4.78 5. 51 29, 700
340 130 P 2.40 2.77 14, 880
130 44 98 . 969 1.08 5,825
665 130 216 2.73 3.15 16,970

130 44 66 . 658 .734 3, 95
........................ 50 .495 571 3,074
1,255 |oernenns 232 2.30 3L15 167,784
........................ 30 L2097 34 1,840
........................ 30 . 297 .31 1,670
60 16 31.3 . 310 .36 1,920
600 60 299 2.96 3.30 17, 800
730 385 500 4.95 5.71 30, 700
1,020 485 623 6.17 6. 88 37,100
540 225 381 3.77 4.35 , 400
300 160 220 2.18 2.51 13, 500
260 80 151 1.50 1.67 8, 980
&75 130 347 3.4 3.97 21,300
485 190 308 3.05 3.40 18,300
190 16 57.9 573 66 3,560
1,020 16| 249 2.47 33.43 180, 000
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Monthly discharge of Swiftcurrent Creck near Babb, Mont., 1902-1910—Continued.

Discharge in second-feet. Run-off.
Month. . Per Depth in Totali
. i inches on otal in
Maximum. | Minimum. | Mean. s%]x;iag‘e drainage | acre-feet.
area.
1907.
50 0.495 0.57 3,070
65 . 644 .67 3,610
80 792 .91 4,920
171 1.69 1.89 10, 200
) SO 1,520 166 713 7.06 8.14 43, 800
JUDC .o noenmeemaeanaanannnnnn 1,840 800 | 1,510 15.0 16.69 89, 800
July oo 1,320 415 912 9.03 10. 41 56, 100
Augusteee. cooieniiiiii et 590 242 387 3.83 4.42 23, 800
Septemper...........cc.oeiiennean. 470 321 387 3.83 4.27 23, 000
October. ... ..coviiiiiniannna.. 280 82 157 1.55 .79 9, 650
November.............c.oooaa.t 82 51 611 . 605 .68 3,640
December,.....cooviieirnaananen, 51 29 41.3 . 409 .47 2,540
Theyear.......ccooueeveann. 1,840 |....oeeia... 378 3.74 50.91 274,000
31 .307 .35 1,910
60 . 594 .64 3,450
102 1.01 1,16 6,270
333 3.30 3.68 19, 800
821 8.13 9.37 50, 500
1,570 | 1,940 19.2 21. 42 115, 000
JULY e e, 730 260 | 547 5.42 6.25 33, 600
AUgUSheenn ceriiiiii e 239 118 171 1.69 1.95 10, 500
September....... ...l 149 80 118 1.17 130 7,020
L0 747701 4T 551 97 208 2.06 2.38 12,800
November.....cccevieiernanann.s 165 61 89.1 .872 .97 5,300
EOTTTS 171 T PP PR DR 50 . 495 .57 3,070
50. 04 269, 000
1.32 7,080
8.72 47, 000
23.43 126,000
5 | a0
1.87 10,100
1.10 5,950
1.19 6,390
............ 230, 000
. ig 2,460
. 2, 500
1.54 8,300
4,99 26, 900
3.15 16, 900
............ 57,060

Nore.—Estimates June 1, 1904, to Apr. 30,
February, March, November, and December, 1908, have been revised.

1905; March and December, 1906; March, 1907; January,

See footnote to daily discharge.
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Mean monthly discharge, in second-fegt, of Swifteurrent Creek near Babb, Mont., 1902~ \
A 19]

Total
Year. Jan. | Feb. | Mar. | Apr. | May. | June. { July. [ Aug. | Sept.| Oct. | Nov. | Dec. ir; a(ére-
eet.
1902, . e e deen 109 | 989 880 | 836 | 276 | 168 (106 | 66 |...... 208, 000
1903. ... ....... 50 46 50 100 | 465 | 1,885 ) 708 | 389 421 {277 256  |166 2
1904 ... ...... b50  [b40 540 280 | 749 900 |- 519 | 292 | 151 | 75.9{ 42.0 | 23.7 | 191,700
1905. . ... .ca..s 520 (520 108 190 | 433 781 | 483 | 242 98 1276 50 167, 800
1906. .. .. ...... 530  [b30 b3L,3 | 209 | 500 623 | 381 | 220 151 |347 308 57.9 ),
1907. .. ......... b50  |b65 580 171 713 11,510 | 912 | 387 { 387 |157 61.1 | 41.3 | 274,000
1908 .. ... ... b31 (860  [b102 333 | 821 {1, 547 | 171 118 {208 89.1 {b50 , 000
1909, . eiceee e 1191 7641 2,120 | 783 | 476 170 | 96.7 |ci40 {._.... , 000
1910 ... ........ b40  [b45 135 452 | 659 | . feieaifoaeiieiaiad] it PR DR IR
Average........ 38.7|43.7| 78.0 ] 228 | 677 1,330 | 646 307 | 208 193 129 64.8 | 229,000
Median......... 0 45 190} 713 11,200 | 628 { 284 | 160 1182 77.6 | 50 230, 060
Maximum...... 50 [ 135 452 | 980 12,120 | 9121 476 | 421 347 308|166 290,000
Minimum. ..... 20 20 31.3 | 100 433 623 | 381 | 171 9| 75.91 42 23.7 | 168,000
e Not included in average. ¢ Nov. 1-23. Assumed mean for the month in computing average.
b Estimated.

NoTe.—The median flow given was obtained by arranging the monthly means in their order of magni-
tude and taking the middle mean, or, if their number was even, the average of the two middle means. By
using daily discharge a somewhat lower median discharge would be obtained.

EENNEDY CREEK NEAR BABB, MONT.

Locarron.—In sec. 34, T. 37 N., R. 14 W, 50 feet above the road from Babb, Mont.,
to Cardston, Alta., Canada, and about 2 miles north of Babb.

DrAINAGE AREA.—B0 square miles (measured on topographic maps).

RECORDS AVAILABLE.—Some discharge measurements in 1903-1912, and monthly
estimates based on discharge measurements and scattered gage readings for June,
July, August, and September, 1905.

DISCHARGE MEASUREMENTS.—Made from cable.

CHANNEL AND CONTROL.—Bed composed of boulders; would shift only during floods.

Diverstons.—None.

Recuration.—None.

Accuracy.—Estimates of mean discharge for June, July, August, and September,
1905, given in a footnote to the table of daily gage heights, are based on a few
scattered gage-height observations and several discharge measurements. As this
stream is fed by melting snow its flow is fairly constantand the estimatesare fair.

Discharge measurements of Kennedy Creck mear Babb, Mont., 1903-1907, 1911-12.

Gage Dis- Gage Dis-
Date. Made by— height. | charge. | D&te- Made by— height. | charge.
1903. Sec.-ft. 1905. Feet, | Sec.t.
July 25 208 || Nov. 17 { W. B. Freeman........ 5.70 31
Aug. 1 164
8 136 19086.
15 138 || Mar. 31 { Freeman and Edson...| 5.74 28.7
22 114 || May 12 | W. B. Freeman........ 6.38 17.2
Oct, 3 102 || Aug. 18 | Morse and Hartman....| 5.78 49.4
%9 g% Sept. 14 | Richardsand Hartman.| 5,91 66.4
1904 ’ May 34 | 3. . Stewart 6.26] 240
May 9| L.R.Stockman... ... 6.1 145 || y @Y B’ Ploveon. ;
June 8|W.B.Freeman. !!l[ 63| g | June §1J. B Pierson HH
July 12 | Robert Follansbee. 6. 40 165 || 4 y H 152
30 | W.B. Freeman........| 6.03 82 || que 21 %
5.87 48 || PePL
5. 6. 26 1911
o %;;
6.10| 103 | Juby 38
619 | 120 | Aug- 28 &
6.35 221 ‘
6.15 126 1912
5.96 77 || June 7 179
5.75 35 || Aug. 16 55
5.65 27

NotE.—May 12, 1906, meter probably out of order; resulté may be low.
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Daily gage height, in feet, of Kennedy Creek near Babb, Mont., 1905.

Date. June. | July. | Aug. Sept. Date. June. | July. | Aug. | Sept.

24 Ll TTels L SN PR

25. ... P PN 5.8 |
. N
.1
28, eiiiieean.
29, i iiiiiiiiaen
30. ... .
3. ... .

Nore.—-Mean monthly discharge estimated as follows for 1905: June, 320 second-feet; July, 203 second-feet;
August, 58 second-feet; September, 31 second-feet.

BOUNDARY CREEK AT FIDLER'S RANCH, ALTA.

Locarron.—In the SW. § sec. 20, T. 1, R. 26 W. fourth meridian, 800 feet southeast
of Boundary Creek post office and 16 miles southwest of Cardston, Alta.

DRAINAGE AREA.—44 square miles.

RECORDS AVAILABLE.—Open-water periods June 18, 1913, to October 31, 1917.

Gace.—Vertical staff nailed to post driven into bed of stream and braced to left bank.
Read by James Fidler.

DIsCHARGE MEASUREMENTS.—Made by wading or from temporary pole bridge.

CHANNEL AND CONTROL.—Bed composed of gravel and sand. Banks fairly high;
subject to overflow at extremely high stages. One channel at all stages. Control
permanent.

EXTREMES OF DISCHARGE.—1913-1917: Maximum stage recorded, 3.50 feet June 4,
1915 (discharge, 277 second-feet); minimum stage recorded, 0.53 foot April 4 and 6,
1914 (no discharge).

Ice.—Station not maintained during winter.

Accuracy.—Stage-discharge relation permanent except when slightly affected by
vegetable growth. Rating curves fairly well defined. Records considered good.

Discharge measurements of Boundary Creek at Fidler's ranch, Alta., 1913-1917.

is- Dis-

Date. Made by— h(:iaggl?t. cl?aﬁge. Date. Made by— hgiag%let. ch:ge.

1913. Feet. | Sec.-ft. 1915. Feet. | Sec.-ft.

1.74 12.7 || June 22} V. A. Newhall......... 2.27 59.0

171 12.1 || July 10 [..... [ [ TR 2.14 41.0

.66 9.6 || Aug. 7..... [ L TR, 2,07 36.0

1.59 5.8 | Sept. 8 |..... Ao 1,91 19.8

1.65 8.5 | Oct. 18 |..... L+ [+ T, 2.00 25.0
177 13.1

1916.

Apr. 156 | S. H. Frame........... 1.78 32.0

2.56 13.4 || May 13 |..... [+ Lo 1.78 32.0

1.82 18.9 {1 June 17 |__... do......... 1.96 40.9

1.86 22.0 || July 21 |..... 16 L R 1.65 18.7

1.72 13.2 (] Aug. 22 |.....40cceo il 1.49 11.6

1.51 5.1 | Sept. 25 |..... [« (< TSR 1.40 6.6
1.49. 4.1

1.42 2.8 1917,

1.60 6.4 || Apr. 24 21.0

1.51 3.0 ay 17 89.0

1.66 9.8 || June 30 |. 23.0

July 25 7.8

Aug. 29 5.1

1.70 12.4 | Oct. 19 7.9
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Daily discharge, in second-feet, of Boundary Creek at Fidler's ranch, Alta., 1918-1917.
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Continued.
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WATFER SUPPLY OF ST. MARY AND MILK RIVERS, 1898-1917.

Daily discharge, in second-feet, of Boundary Creek at Fidler’s ranch, Alta., 1913-1917—-

1915.
1016.
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Daily discharge, in second-feet, of Boundary Creek at Fidler’s ranch, Alta., 1912-1917—

Continued.
Day. May. | June.|July. | Aug. | Sept.| Oct. Day. May. | June.jJuly.| Aug. | Sept.| Oct.
28 87121 6.4 53 5.0 66 511110y 85| 5.5 4.3
30 83120 58| 5.5 5.0 69 47 111.0| 7.8] 5.3 4.6
32 79119.3{ 581 53 4.8 66 37{1L0{ 7.4 | 50 7.4
34 74119.3} 6.4 5.3 4.8 65 401110} 7.1 4.8 6.7
38 67 | 18.0 | 6.4 5.0 5.0 65 361101 6.4 4.8 6.0
40 57 118.0| 7.11] 5.3 5.5 67 381 9.6 6.0| 4.6 6.7
38 52116.8( 7.8 5.3 5.8 69 36| 9.2 6.4 4.6 6.0
37 48 1 16.2| 85| 55 5.5 69 36| 85| 58] 4.8 6.7
40 4511551 89| 58 5.5 70 36 ( &5 531 5.0 6.0
44 551 9.6 | 89 5.8 5.5 75 321 82| 50| 55 6.4
47 79 7.1)10.1) 5.8 5.0 82 3] 7.8) 53 5.3 7.4
51 91 111.010.1 | 5.8 4.8 85 28| 7.4} 53 5.3 7.8
55 811110 9.6 | 6.4 4.8 81 7.1 5.0 4.8 8.2
59 721120 9.2 | 6.0 4.6 88 25| 6.4 4.8| 4.8 8.2
62 60| 11,1 9.2 58 4.6 95 22 6.4 50| 50 9.2
101 ...... 6.4 53 ...... 9.6
NoTE.—1914: Shifting control July 28 to Aug. 17 and Sept. 26 to Oct. 31.
1917: Discharge estimated May 9-16.
Monthly discharge of Boundary Creek at Fidler’s ranch, Alta, 1913-1917.
{Drainage area, 44 square miles.]
Discharge in second-feet. Run-off.
Depth in
Month. Per :
Maximum.{ Minimum. | Mean. square 1(?531‘?3@? ;g‘;gi’}g’tl‘
area. .

1913
June 18-30. ... oeiiiieiiii oL 27.0 11.2 22.0 0.458 0.221 567
July.eeinevannnnnn. 28.0 10.2 13.4 .279 2322 824
August............. 14.1 8.2 10.7 .223 .25 658
September......... 9.7 7.2 8.6 .179 .200 512
October............ 13.1 8.7 10.4 .217 <250 640
November........... 13.1 3.8 9.1 199 .212 541
The period.... ...l o T 1.642 3,742

1914.
......................... 35.0 .0 13.8 . 288 .32 821
............. 29.0 11.0 17.2 .358 .41 1,058
...... 14.0 5.7 8.6 .179 .20 512
...... 11.0 2.4 3.9 .081 .09 240,
guSt. ...ooenn.. 8.7 1.5 3.2 .067 .08 197
September. ...... 4.4 3.1 3.7 077 .09 220
October 1-31 20.0 3.2 12.2 . 254 .29 750
The period.....cooeeeeeeeefiiid oot 1.48 3,798

1915.
20.0 13.7 17.0 .386 .201 472
18.2 11.3 15.7 .357 .398 934
41.0 17.3 27.8 .632 .729 1,709
277.0 18.2 88,2 .200 .223 5,248
122.0 28.0 54,6 1.241 1.431 3,357
66. 0 17.3 29.2 . 664 .766 1,795
55.0 16.9 25.2 .573 .639 1,500
30.0 19.1 24.7 . 562 .648 1,519
............................................ 5.035 16, 534

1916.
45.0 35.0 40.0 -909 .17 397
35.0 19.4 25.0 . 568 .63 1,488
68.0 23.0 33.0 .750 .86 , 029
80.0 37.0 60.0 1.360 1.52 3,570
54.0 15.5 27.0 -614 .71 1,660
- 19.4 7.8 12.3 .280 .32 756
September. 15.0 7.1 11.2 255 .28 666
October...... .. .. 18.2 10.1 14.0 .318 .37 861
The period......... ... .| 4.86 11,427

1917.
1.57 3,689
1.32 3,004
.31 725
.18 430
.13 315
.16 369
3.67 8,623
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Mean monthly discharge, in second-feet, of Boundary Creek at Fidler’s ranch, Alta., 1913—
1917.

Totalin
Year. Mar. | Apr. | May.|June.] July. | Aug.|Sept.| Oct. |Nov. ?crg-
eet.
............ a22 13.0f11.0f 9.0/ 10 9 23,742
14 17 9 4.01 3.0y 4012 |...... 8,7
16 28 88 55.0129.0|25.01{25 ...... 16, 534
25 33 60 27.0112.0|11.0}14 |...... 11,427
...... 60 52 11.8] 7.0 /5.8 6 ae-.-d| 8,623
AVEIage. ..cooacniecamnenenncnaeo|oaiian 18 34 52 22 12.4 |1 10.9 | 13.4 | 9.0 10,096
Average run-off, acre-feet...........|...... 1,071 {2,001 13,094 {1,353 (762 |649 (824 [536 10,380
Average run-off per square mile.....|......{ ... e 236

a Tncomplete record not included in average.
ROLPH CREEK NEAR TAYLORVILLE, ALTA.

Locarion.—In SE. { sec.-22, T. 1, R. 24 W, fourth meridian, on mail route from Cards-
ton to Taylorville, at bridge where trail crosses Rolph Creek, 3 miles from Taylor-
ville and 5 miles from Kimball.

DRAINAGE AREA.—36 square miles.

REcorDs avamaBre.—July 11 to November 30, 1917. At the original station near
Kimball, SE. }sec. 21, T. 2, R. 24 W. fourth meridian, May 17, 1911, to July 31,
1917 (see pp. 96-102).

Gace.—Vertical staff, nailed to pile on left abutment of bridge. Read by Earl
Shipley July 11 to August 24; by F. J. Nielsen August 27 to November 30.

D1scHARGE MEASUREMENTS.—Made by wading 100 feet upstream from gage or from
bridge.

CHANNEL AND coNTROL.—Gravel; practically permanent.

ExTrEMES oF pIscHARGE.—Maximum stage recorded in 1917, 1.67 feet September 9
and 10 (discharge, 15.8 second-feet); minimum stage recorded, 1.20 feet October
11-15 (discharge, 2.9 second-feet).

1911-1916 (station near Kimball); Maximum stage recorded, 2.75 feet June 26,
1915 (discharge, 210 second-feet); minimum stage recorded 0.40 foot July 6, 1912,
- and in May, June, July, and August, 1914 (no flow).

Ice.—Stage-discharge relation affected by ice and snow. Observations discontinued
during winter months. :

Accuracy.—Stage-discharge relation practically permanent. Rating curve well
defined between 2.9 and 12.6 second-feet. Gage read to hundredthsdaily. Daily
discharge ascertained by applying daily gage height to rating tables. Records
good.

Discharge measurements of Rolph Creek near Taylorwille Alta., 1917.
[Made by A. W. P. Lowrie.}

Gage Dis- . Ga, Dis- Gage | Dis-
Date. height. | charge. Date. heigiet. charge. Date. height. | charge.
Feet. | Sec.ft. Feet. | Sec.ft. Feet. | Sec.ft.
May6.........feeae..n e33.0f July 27......... 1.54 10.3 §f Sept. 19........ 1.52 9.4
July12. ... ... 1.51 8.7} Aug. 25....._._. 1.58 11.8 || O¢t. 15......... 1.20 2.9

@ Made at NE. 1 sec. 35, T. 1, R. 24 W. fourth meridian, previous to installation of new station at SE.
isec. 22, T. 1, R. 24 W. fourth meridian.
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Daily discharge, in second-feet, of Rolph Creek near Taylorville, Alta., 1917.

Day. July. | Aug. | Sept. | Oct. | Nov. Day. July. | Aug. | Sept. | Oct. | Nov.
8.0! 13.6 4.2 3.0 7.6 1 10.9| 12.7 3.1 5.3
7.81 14.9 3.9 3.0 7.4 10.9( 10.9 3.1 5.1
7.6 14.5 3.9 6.0 7.2 9.8 9.0 3.3 5.1
7.7 14.0 3.9 8.6 6.9 8.7 9.4 3.0 5.1
7.8 14.5 3.7 8.6 6.% 7.6 7.0 3.0 4.9
8.0 14.5 3.4 9.7 6.3 81} 6.2 3.0 4.9
83| 14.9 3.2 9.0 6.0 8.6 6.2 3.0 4.7 -
8.6 | 15.3 3.1 8.6 5.7 8.4 6.2 3.0 4.7
9.0 ( 15.8 3.1 7.3 6.4 8.3 5.3 3.0 4.7
9.4 15.8 3.0 6.2 7.0| 11.8 6.0 3.0 4.7

10.2 | 15.3 2.9 6.2 85| 12.2 5.7 3.0 4.7
11.0 | 15.3 2.9 5.5 10.1 12.7 5.3 3.0 4.5
11.8 | 14.5 2.9 5.3 9.0 12.7 4.9 3.0 4.5
11.3 | 13.6 2.9 5.3 7.91 13.1 4.5 3.0 4.4
10.9| 13.6 2.9 5.3 6.7 13.6 4.2 3.0 4.2

7.31 14.9|....... 3.0}......

NorE.—Stage-discharge relation affected by ice Oct. 19. Discharge estimated for following periods: July
15-22, 24, 26, 28, 29, 31; Aug. 2, 4,5, 7, 9, 11, 12, 14, 16, 18, 19, 21, 23, 26; Oct. 19 to Nov. 3.

Monthly discharge of Rolph Creck near Taylorville, Alta., 1917.

[Drainage area, 36 square miles.]

Discharge in second-ifset. Run-off.
Month. Per Depthin in
Maximum. | Minimum. | Mean. | square lélrcaigsagg aqt;g;?ileet.

mile. aren.

July 11-31.. 10.1 5.7 7.5 0.208 0.16 312
August... 14.9 7.6 0.0 .27 .32 615
September. 15.8 4.2 0.8 33 643
October 4.2 2.9 .2 10 197
November. 9.7 3.0 .6 .18 333

The period 1.09 2,100

NotEe.—Discharge of this stream is believed to be above average during 1917, owing to seepage from
United States Reclamation Service canal in Montana.

ROLPH CREEK NEAR KIMBALL, ALTA,

LocartroN.—In SE. % sec. 21, T. 2, R. 24 W. fourth meridian.

DRAINAGE AREA.—74 square miles.

Recorps AvAILABLE.—May 17, 1911, to October 31, 1916. Gage-height observa-
tions April 4 to July 31, 1917.

Gage.—Vertical staff; read by J. M. Dunn.

(CuanNEL.—Sand, gravel, and stone. Control likely to shift,

DiscHARGE MEASUREMENTS.—Made by wading.

Ice.—Observations discontinued during winter months.

Accuracy.—Stage-discharge relation not permanent. Gage vead to hundredths
daily. Daily discharge obtained by applying daily gage height to rating table.
Records poor. As the only discharge measurement made in 1917 shows that the
cross section was very much enlarged in the spring of 1917, daily discharge for
that year could not be computed.
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Discharge measurements of Rolph Creek near Kimball, Alta., 1911-1916.

. Gage Dis- - Gage Dis-
Date. Made by— height. | charge. Date. Made by height. | charge.
1911 Sec.-ft. 1913, Feet. | Secft.
S L. J. Gleeson.. 12,1 0.55 | ¢1.13
d. 58.3 54| a.69
62.9 .52 a.58
65.7 .60 .70
13.3 .62 2.52
12.7
18.7
2.18 1.07 | 15.90
1.01 .63 4.80
1.80 .64 5.00
3.72 .49 .30
1.11 .57 .21
7.26 .60 e .38
6.97 60} a.13
65| a.05
10.7 1.44 |- 41.00
9.94
4.78 1.29 | 27.00
.307 .62 3.97
........ .62 3.91
.125 1.68 | 71.00
6.16 1.54 | 53.00
6.95 || July 13 |..... 5 1 L15| 21,00
1.19 15 ..... [ 0 D, 1.04 | 17.20
.06 || Aug. 4 |..... 4 U R 1.33 } 35,00
........ 19 foeeeedOmmnn et .76 5.90
55 ..., Sept. 1|..... [+ 1 S .94 | 11.20
2.04 Oct. 2{..... L U T 1L.02{ 15.40
4.66 1916.
X Apr. 6 1.30 | 25.0
Apr. 25 | G. F. Deas.... 1.28 | 23.00 June 2 |. 1.75 1 93.0
30 | F. R. Burfield 1.06 | 14.00 24 |. 1,271 31.0
May 15 ..... do. .96 | 10.40 July 27 |. .97 6.5
June 6 {..... do. .76 5.24 Aug. 17 |. 1.15| 16.6
12 ..., do. .65 4.26 Sept. 5 |. 1.57 [ 60.0
28 I..... do. .. .98 13.50 27 1.04 8.4
July 22 }..... L (R 51} a.35

o Weir measurement.

Daily discharge, in second-feet, of Rolph Creek near Kimball, Alta., 1911-1916.

Day. Mar, Apr. | May. | June. | July. | Aug. | Sept. Oct. Nov.
a7.1 1.50 | ¢1.04 | @ 5.4 4.1
a5.0 1.50 a .98 a56 a4 1
23.3 1.42 | ¢2.00 6.0 23.9
2.0 1.80 | ¢3.3 26.0 3:8
2.0 2.2 | 250 | ab8 23.6
220 | 2.6 |71 | ¢56 3.3
2.0 2.9 | 9.6 5.6 e3.3
2.0 23.3 |al2.2 e5.8 3.3
22.0 4.3 |el5.1 6.0 23.0
2.0 4.3 (2185 6.0 2.6
2.0 ad.1 23.0 a5.6 2.6
1.70 4.1 |al18.5 5.4 a2.6
1.50| ¢3.8 |al5.1 ab5.2 2.6
1.50 | 3.6 a9.6 5.0 22.0
1.42 3.3 8.1 4.8 1.50
21.34 | 23.3 7.8 | 48 | a1.50
1.26 3.5 281 4.5 1.50
a1.34 3.2 8.3 24,3 " 1.50
1.50 2.9 a7.6 4.3 al.60
21.34 ]| ¢2.6 a7.1 4.3 e1.80
1.18 2.2 @6.7 243 2.0
2.00{ 2.0 6.0 | 4.3 2.2
21.80 | ¢1.10 5.0 4.3 2.6
1.50 1.50 ] a5.0 a3.8 3.0
1.42 | 2 1.50 5.0 3.3 3.3
21,34 al1.42) ¢5.0 3.3
1.26 | ¢1.42 | ¢ 4.8 e3.3
21.10 1.42 4.6 3.3
981 ¢1.26 5.0 «3.5
2 1.10 1.10 5.0 23.6
1,50 ¢ 10 | ... ... 3.8

123678°—20——7

a Estimated.
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Daily discharge, in second-feet, of Rolph Creek near Kimball, Alta., 1911-1916.—Con.
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Nore.—1914: Shifting control May 15 to Sept. 21. No flow May 30t June 1, June 8-22, June 24 to July
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Monthly discharge of Rolph Creek near Kimball, Alta., 1911-1916.

[Drainage area, 74 square miles.]

Discharge in second-feet. Run-off.
Month. Per Depth in Total
. inches on otalin
Maximum. | Minimum. | Mean. sg&a‘:‘e drainage | acrefeet.
* area.
1911,
38.7 C.523 0.29 1,151
22.9 .310 .35 1,363
1.92 .026 .03 118
2.46 .033 .04 151
8.00 .108 12 476
4.74 . 064 .07 291
2.69 . 036 .03 133
.................... .93 3,683
111 . 150 .17 682
1.99 027 .03 118
5.96 .081 .09 366
1.61 .022 .02 9
1.26 .017 .02 75
3.92 .053 .08 241
4.09 . 055 .03 121
.................... .42 1,702
36.10 . 488 .436 1,718
15.70 .212 244 965
5.49 .074 .083 326
5. 68 .076 . 088 349
2.53 .034 .039 - 156
.65 . 009 .010 39
3.90 .053 . 060 240
.................... | 960 3,703
18.30 .247 .280° 1,089
4.20 . 057 .060 258
(.06 .001 ~001 4
.10 . 001 .001 6
.73 .010 .010 45
.34 .005 | ” .006 20
11.50 .155 .018 707
.................... .376 2,129
80. 19.5 39.2 .530 .197 77
24. 2.4 9.7 .131 .146 577
49. 2.1 11.8 . 160 .184 726
210. 2.1 82.0 1.108 1,236 4,879
y 125. 15.6 39.9 .540 .623 2,453
August... ...l v 74. 6.5 31.4 .424 .489 1,931
September 54. 11.6 23.8 .321 .358 1,416
(6717011 26. 12.0 16.3 .220 . 254 o 1,002
3.487 13,761
2 2.1 . 8 .30 1,178
. 9.6 .0 .48 1,906
. 2.0 0 . .87 3,451
3 5.8 19.2 . * .30 1,181
gL . 6.6 13.4 . .21 824
September,.........covoiaala 60.0 7.0 17.0 .230 .26 1,012
0751741 o7 DS 14,9 6.0 11.5 L1585 .18 77
The Period. .. veuoeennneeaefoneenaameensfoeeaemieedoeiiaafereiaaans i 2.60 10,259
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Mean monthly discharge, in second-feet, of Rolph Creek near Kimball, Alta., 1911-1917.

| | ! !
i _Total
Year. Mar. ; Apr. | May. ! June. | July. i Aug. { Sept. | Oct. | Nov. i‘n}acre-
‘ | feet.
! |
39.0 12300 1.92) 250} 8007 4.70{03.00, 3,729
11.1| 1.99§ 6.00 | i.61 1.26 | 3.90 124001 1,819
15.7| 550 570, 230 .65 4 3,90 f.......0 3,793
4.2 061 0.10 .73 .34 1 11.50 .. i
11.8 | 82.00 { 40.00 | 31,00 | 24.00 | 16.30 |.
31.0 | 58.00 | 19.20 | 13.40 | 17,00 | 11.50 |.
AVerage. ... .ocieiieiieaeiiiiidiaaaean | 21 | 14.8 12.2 8.6 8.5 8.
Average run-off,acre-feet. ... | ...... i 1,250 910 | 1,666 750 529 506
Average run-off per square ! |
mile. ..o R O ) P, [EEPRE aaaee
1 !

e Incomplete record not included in average.
b Average for part of month assumed as monthly average.

NotE.—Records for 1917 were taken near Taylorville and include seepage from United States Reclama-
ti&n Sertvlce1 %t. Mary canal in Montana. They are not included in this historic summary, which shows
ouly natural flow. N

LEE CREEK AT LAYTON’S RANCH, ALTA.

Locarion.—In SE. § sec. 27, T. 2, R. 26 W., fourth meridian, at B. Layton’s ranch,
about 6 miles southwest of the town of Cardston, Alta.

DRAINAGE AREA.—92 square miles.

REcORDS AvAalLABLE.—May 25, 1913, to December 31, 1917.

Gace.—Chain gage on left bank; read by B. Layton.

DiscHARGE MEASUREMENTS.—Made from cable or by wading. The wading section
is about 2,400 feet and the cable section about 2,800 feet upstream from the gage.

CHANNEL AND conTROL.—Bed and control composed of gravel; not likely to shift.
Right bank subject to overflow; left bank high and not subject to overfiow.

EXTREMES OF DISCHARGE.—1913-1917: Maximuin stage recorded. 4.10 feet June 29,
1916 (discharge, 913 second-feet); minimum stage recorded, 3.10 feet February
21, 1914 (discharge, 5.2 second-feet).

Ice.—Stage-discharge relation affected by ice during winter.

DiversioN.—The town of Cardston diverts water for domestic supply half a mile
below the gage.

Accuracy.—Stage-discharge relation fairly permanent during open-water periods.
Gage read to hundredths daily. Daily discharge for open-water periods obtained
by applying daily gage height to rating table; winter discharge obtained from
hydrograph based on discharge measurements, records of maximum and minimum
temperature, and daily gage height graphs. Open-water records good except for
extremely high stages; winter and flood-stage records only fair.

e
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Discharge measurements of Lee Creek at Layton’s ranch, Alta., 1918-1917.

103

N Gage Dis- Gage | Dis-
Date. Made by— height. | charge, || D2te: Made by— height. | charge.
1913. Feel. | Sec.-ft. 1915. Feet. | Sec-ft.
June 17 2.16 108.0 || July 6 | V. A. Newhall......... 2. 200 208.0
July 7 2,14 87.0 28 f..... L 7 2. 390 277.6
18 1.94 48.0 || Aug. 21 J..... L+ 1) T, 2.160 190.0
Aug. 6 1.82 32.0 {| Sept. 3 | W. A, Burton..........| 2.500 284,
25 1.73 24.0 | Oct. 19} V. A. Newhall......... 1,950 137.0
Sept. 12 1.62 17.2 |l Nov. 15 | W. H. Storey.......... . 750 70.0
- 26 1.72 23.0 19¢..... [+ (T, 1.710 67.
Oct. 18 1.89 33.0 29 §..... QOunanniiiiiiiiaaas 1.660 56.0
Nov. 4 1.88 40.0 |} Dec. 10 {..... L 1 TN 1.360 20.0
1914, 29 1. .. L+ U S 1.980 21,
Jan. 3 2.60 7.2 1916,
14 2.44 24.0 il Jan. 15 }..... . cee..|D2.47 19.0
27 3.03 10.2 21|V. A Newhall ceeeeas| 217 210
Feb. 7 2.37 6.9 || Feb. 5 1..... { SRR - % '] 14.8
28 3.90 82| Mar. 4f....docce. il 3.01 24.0
Mar., 7 3.60 16.5 31 {S.H, Frame........... 1.70 94.0
30 2.88 26.0 || Apr. 21 {..... doo.oiiiie 1.84 123.0
Apr. 17 2.17 92.0 ay 12 ]..... Lo (1 T, 1.93 165.0
May 9 2.43 195.0 || July 7 4..... Lo (1 R, 2.30 265.0
12 2.31 139.0 22 1 W. A. Burton.......... 1.63 90.0
25 2.30 125.0 || Aug. 23 | S. H. Frame........... 1.20 42.0
June 19 2.13 75.0 || Sept. 11 {..... L+ (2R 1.18 36.0
July 8 1.95 43.0 19 | W. A. Burton.......... 1,06 27.¢
25 1.70 18.3 || Oct. 14 | 8. H. Frame.._........ 1.25 44.0
Aug. 8 1.58 9.9 || Nov. 22 [..... 5 (s 51.25 49.0
26 1.79 24.0 29 | H. W Rowley......... b1.12 22.0
Sept. 10 1.62 1.8 || Dec. 18 }.....d0eeeiiiiiiinnae. 51,54 25.0
29 1.63 11.8 1917.
Oct. 20 2.27 114.0 | Jan, 12 ... @0ceeeneeeanannnn. 1.42 15.7
Nov. 21 2.24 56.0 || Feb. 2 | W. A. Burton.. ... 147 |- 152
30 1.67 13.3 17 | G. 8. Wenden.......... 1.25 19.2
Dec. 23 2.31 19.9 || Mar. 12 | ... Q0ueeeene . 1.28 13.9
1915. 31| A. W.Lowrie.......... 2.38 32.0
Jan.. 4. ... ¢ (O 2. 540 23.0 [{ June 5 }..... L @2.26 356.0
15 1..... A0ueeeiiiinninnaa..al 2,460 17.4 30 |..... [+ 1 T, 1.78 152.0
Feb. 1| W. A, Burton.......... 2.700 13.6 || July 25 {..... [ T 1.29 35.0
16| J. E. Devnan ........... 3.005 13.3 || Aug. 6 |..... L T 1.20 2.0
Mar. 8. ...doeec...oooiiiiiil. 2,145 9.6 29 |..... L L, 1.09 13.0
- 22 |...do.. 2.150 57.0 || Oct. 19 |..... Lo 0, 1.15 i8.1
Apr. 2 VA Newﬁau ......... 2.070| 63.0 || Nov. 12 | S. H. Frame........... 1.16 15.5
ay 19 |..... [ 1 PO, 2. 246.0 || Dec. 2| D. G.Chadsey......... 1.13 4.8
June 26 |.__.. doceei @ 2.705 353.0 31| S.H.Frame........... 1.66 51.0
a New gage. 3 Tce present.
Daily discharge, in second-feet, of Lee Creek at Layton’s ranch, Alta., 1913-1917.
Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
44 25.0f 16.5}1 29 a20.0
39 26.0| 16.5% 30 18.8
36 25.0| 16.21 33 a16.0
33 23.01 16.2] 39 14.0
31 2201 17.5| 34 12.0
32 21.0| 19.6] 36 10.0
28 20.0| 22.0 {a37 a9.0
36 19.6| 23.0| 38 8.4
46 19.0f 26.0 ja38 a8.4
58 19.0) 30.0) 39 8.4
52 18.5 | 34.0| 42 9.0
50 17.5 | 42.0| 44 9.0
55 17.5 | 67.0| 42 ag.0
50 16.5| 55.0 | 42 9.0
46 16.2 | 48.0 42 10.0
45 15.9] 42.0( 42 210.0
44 1591 37.01 41 10.0
39 "15.6 | 41.0| 39 10.6
36 16.51636.0 | 231 210.0
@33 17.5] 30.0{ 30 10.0
31 19.6 a%ﬂ 32 a10.0
29 30.0 .0 (232 9.0
27 25.0(a29.0( 31 9.0
26 23.0( 28.0|e3l 9.6
24 21.0| 28.0| 30 29.0
23 21.0( 28.0a29 29.0
23 8.5 28.0 28 9.0
22 18.0| 29.0( 48 8.0
22 17.0 | 30.0 |a34 8.0
24 16.5] 30.0| 25 8.0
25 |eeeced 29.0....... 8.0

aEstimated,
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Dazily discharge: in second-feet, of Lee Creek at Layton’s ranch, Alta., 1913-1917—Contd.

CONPDIOUT WD SPNRNT SOV OO

Day. Jan. | Feb. | Mar. | Apr. | May. { June. | July. | Aug. { Sept. | Oct. | Nov. | Dec.
7.2| 11.6| 9.5 31 76 ] 122 61.0| 12.2}e12.8| 12.8} 54.0] 13.8
7.2} 11.9] 11.2 a34 92 118 54.0 12.2| 12.8| 12.8} 58.0 14.0
7.2 11.6 |al12.6 38| 122| 118| 47.0| 11.6| 12.2| 13.4| 60.0| 14.0
9.0| 10.0| 13.9 41| 149 115] 44.0| .6| 12.2| 14.6| 61.0| 13.3
12.2| 8.0|a15.0| ad4d| 165| 104| 47.0| 11:0| 14.6| 17.0| 61.0| «13.2
18.01 6.6 16.0 47| 134 98 (a46.0| 11.0{ 16.4( 20.0| 63.0| 13.5
2.0| 6.9 16.5 49| 144 94{e44.0| 11.0| 17.8| 23.0| 65.0 ‘}44
21.0 80| 16.9| a47| 134 89| 43.0| 11.0{ 17.0| 27.0} 65.0 4.
21.0 | 10.6 [216.8 4| 154 84 |@44.0] 12.8| 17.0| 34.0| 69.0| 14.
21.0| 11.8] 16.8 52| al44 79|a46.0]| 13.4) 15.8| 39.0] 69.0| 14.
21.0| 11.3|a17.2 671 134 79| 46.0| 14.0| 15.8| 43.0| 74.0| 14.
21,0 11.1| 186! a56] 129 79| 44.01 12.8| 23.0| 46.0{ 79.0{ 15.
23.0 | 12.0 |e21.0 46| 139| e76| 43.0| 11.0[ 22.0| 49.0| 89.0| al5.
24.0| 13.2 [a23.0 54 134 76| 42.0| 10.0} 21.0| 92.0| 94.0| 16.
24.0 13.9( 24.0{ 112! 126 74| 40.0| 9.0{ 25.0{126.0| 90.0{ 16.
24.0| 13.8¢25.0| a108| 118 74| 39.0| 85| 23.0|178.0|a8.0] 16
22.0| 12.7| 250 101| e115| 74| 36.0f 61.0( 22.0[158.0 | 80.0 17.
19.5| 10.2| 26.0 79| 112 76| 35.0| 43.0| 21.0]139.0| 74.0} 17
16.5| 7.2] 2.0 101 112 76| 33.0| 36.0| 20.0|120.0| 67.0| 16.
14.3 | 5.6 {a26.0| 15| 115 76| 30.0| 30.0| 18.6 | 118.0| 62.0| «18.
13.9( 52 250 163] 115 79 27.0| 23.0| 17.0| 94.0] 56.0| 19.
13.8( 55| 25.0| a149| 118 82| 24.0| 186 15.8) 72.0| 51.0[ 19.
13.6 | 5712250 139 122 821 22.0| 54.0| 14.6| 67.0| 44.0! 19.
13.0] 60| 24.0f 122| e126| 112| 2.0| 47.0| 14.6| 65.0] 38.0] 19.
12.1 6.4 23.0| a115| 120| 129| 17.0| 36.0( 140 63.0| 32.0| «18.
11.2| 6.9e23.0| 108 | 134| 149| 15.8| 220 14.0| 61.0| 350 17
10.2 1 7.3| 23.0| 104| 120 129 14:6] 17.0| 13.4| 60.0| 43.0| 18.
9.1 8.2 |a24.0 94 126 | 112} 14.0| 14.6| 13.4| 58.0} 39.0| 18
8.6 a25.0 86| 122 82| 13.4] 13.4) 128} 580} 210 19
9.2 26.0 79 122 72| 12.8( 122 12.8| 56.0} 13.3 19.
10.3 28.0 |..u.... a122 |..... .| 12.8(e12.2 (... .. 54.0 ... 20.
21.0| 13.6 | 11.6 451 179| 103| 234| 210 26 60 49 62
22.0| 14.0{ 10.6 52| 346 179| 234 204 41 69 45 58
230} 14.2] 9.9 55| 340 444 | 222 192 336 83 45 56
2301 14.5| 9.4 57| 323 @427 | 213| 174| 129} 104 44 56
23.0( 14.8| 9.3 63| 253 | ad10| 204 | 153 64| 101 44 56
23.0 1 14.8| 9.3 64| 1171 a392| 213, 123 521 107 42 60
22.0| 14.8) 9.4 63| 109 413| 198} 115 45| 104 42 60
21,04 14.4| 9.6 59| 103 343 174} 101 37| 104 42 62
20.0f 141 9.8 47 98| 320 | 144 88 76 93 45 a36
19.4 | 13.8| 10.0 52 93| 5431 129 781 101 93 45 27
18.6 | 13.0 |@10.3 54 93| 458 | 115 66 83| 104 45 28
18.1| 12.8| 10.6 57 90 | 442 101 70 69 93| 45 28
17.8 |212.6 | 11.0 57| 142 4